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State  Trunk  Line  No.  13 
in  Kilbournt  ff'tsconJifU 
Maintained  with  annual 
treatments  of  **Tarv%a-0" 
since  iqio. 


'*««( 


Good  Roads  that  Grow  Better 


MOST  people  are  satisfied  when  the 
roads  stay  "as  good  as  new."  But 
not  so  the  Road  and  Bridge  Committee  of 
Columbia  County,  Wisconsin. 

They  build  good  roads  to  start  with  and 
then,  by  far  -  sighted  but  inexpensive  main- 
tenance with  "Tarvia-B, "  make  those  good 
roads  better  every  year. 

This  extract  from  their  letter  will  be  of 
interest  to  all  highway  officials: 

"Our  experience  in  successfully  maintaining 
our  macadam  roads  with  "Tarvia-B"  is  due  not 
only  to  the  excellence  of  your  product,  but  also  to 
the  rule  we  follow  in  Columbia  County  of  surface 
treating  macadam  roads  in  good  condition  and 
giving  them  additional  treatments  of  Tarvia 
annually. 

"  During  the  past  couple  of  years,  we  have  used 


clean  limestone  screenings  ^"  size  as  a  covering 
after  applying  the  Tarvia.  We  believe  we  are 
adding  just  a  little  more  Tarvia  surface  each 
year  than  the  traffic  wears  off,  as  we  have  several 
macadam  roads  in  this  county  that  have  been 
annually  treated  with  "Tarvia-B"  for  the  past 
six  years  and  are  in  better  condition  at  the 
present  time  than  they  were  when  first  treated 
with  Tarvia." 

The  use  of  Tarvia  re-enforces  the  road  sur- 
face and  makes  it  waterproof,  frost-proof, 
mudless,  dustless  and  automobile-proof.  A 
road  maintained  with  Tarvia  pays  for  itself 
over  and  over  again. 

Tarvia  is  a  coal-tar  preparation,  made  in  a 
number  of  grades  to  meet  construction,  main- 
tenance and  repair  problems. 

Illustrated  booklet  describing  the  various 
Tarvia  treatments  free  on  request. 


For  Road  Construct/on 
^  Rppair  and  Maintenance 


Special  Service  Department 

This  company  has  a  corps  of  trained  engineers 
and  chemists  who  have  given  years  of  study  to 
modern  road  problems.  The  advice  of  these  men 
may  be  had  for  the  asking  by  any  one  interested. 
If  you  will  write  our  nearest  office  regarding  your 
road  problems,  the  matter  will  be  given  prompt 
attention. 
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Tests  of  Impact  on  Pavements  by  the  Bureau 

of  Public  Roads— VIIL* 


By   C.   A.   HOGENTOGliERt 
(Ooncludetl   from  December   28) 


Resistances  Determined  Measure  Beam  Strength  of 

Slabs 

It  must  be  borne  in  mind  that  the  rcsi-stanccs  deter- 
mined in  the  tests  do  not  measure  the  strength  of  the 
slabs  when  supported  uniformly  by  their  subgrades. 
Though  the  slabs  themselves  settled  under  the  repeated 
blows,  the  relatively  inelastic  subgrades  were  pounded 
down  still  further.  As  the  test  proceeded,  the  space  be- 
tween the  subgrade  and  slab  became  greater,  permitting 
gi'eater  deflections  of  the  slab  until  failure  occurred. 
The  resistances  measured,  therefore,  indicate  the  strength 
of  the  sections  acting  as  .slabs  with  little  oi'  no  support  at 
their  centers.  They  measure,  in  other  words,  what  is 
commonly  known  as  the  "beam  strength"  of  the  slabs, 
and  not  their  supported  slab  strength.  Considering  the 
conditions  of  the  test  the  results  are  about  what  one 
would  expect.  A  bituminous-filled  brick  slab  would  not 
be  expected  to  show  much  beam  strength,  and  a  com- 
posite beam  made  up  of  parts  which  break  separately 
and  at  different  times  could  not  be  expected  to  show 
greater  strength  than  the  resistance  of  its  strongest  part. 
Very  often  the  quality  of  ' '  beam  strength ' '  is  the  factor 
which  determines  the  serviceability  of  a  road,  but  it  must 
not  be  as.sume(l  that  such  is  always  the  case. 

Sections  of  Pavement  Tested  as  Beams 

As  mentioned  in  the  preceding  article,  it  was  thought 
that  additional  information  miglit  be  obtained  by  con- 
structing a  scries  of  beams  representing  the  various 
slabs  and  determining  their  respective  moduli  of  rupture 
when  subjected  to  static  loads  centrally  applied. 

The  beams,  which  were  made  in  duplicate  at  the  same 
time  as  the  slabs,  correspond  to  the  slabs  in  design  and 
workman.shii).  Theii'  depths  varied  with  the  type  of 
pavement  repi'esented,  in  breadth  they  ranged  from  12 
to  13  in.,  and  all  were  exactly  7  ft.  in  length.  At  the  time 


ofBeial    publication    of    the 
Department   of   Agriculture, 


*From  "Public  Roads,"  the 
Bureau  of  Public  Roads,  U.  S. 
November.  1921. 

tHighway   Engineer,    Bureau   of    Public    Roads,   U.   S.   De 
partment  of  Agriculture. 


they  were  tested  they  had  l)een  aged  in  tlie  open  for 
about  one  year. 

The  diagram  and  photogi'aitli.  Fig.  18,  sh:iw  the  si)ecial 
device  arranged  to  test  the  beams  and  illustrate  clearly 
the  methods  of  support  and  loading,  and  the  apparatus 
for  measui'ing  deflections.  Tlio  loiids  applied  and  the  in- 
dicated moduli  of  I'upture  ai-e  given  in  Table  2. 

The  most  useful  i)urpose  served  by  the  beam  tests  is 
the  confirmation  of  the  conclusions  drawn  from  the  slab 
tests  relative  to  the  behavior  of  the  monolithic  slabs. 
As  shown  by  Table  2,  the  average  modulus  of  rui)tu!'e 
for  1:1^:3  concrete  alone  is  546  lb.  ])er  scjuare  incli: 
for  1:3:6  concrete  it  is  47.'i ;  for  grouted  Ijrick.  712  lb. 
per  sciuare  inch;  and  for  monolithic  l)eai'.  s  only  3S.")  11)., 
indicating  that  the  full  strengths  of  the  concrete  base 
and  bi'ick  surface  are  not  available  when  they  arc  com- 
bined. The  typical  fi'acturcs,  illuisti'ated  in  Fig.  19, 
sliow  liow  the  tops  of  the  monolithic  l)ean!s  shear  from 
the  bases  under  test,  resulting  in  two  independent  l)eams. 
The  resulting  sti'cngth  is  shown  l),v  Tabic  2  to  Ijc  some- 
what greater  than  tho  sum  of  the  sti-engths  of  the  two 
parts.  The  only  monolithic  beams  whicli  showed  a  mod- 
ulus of  rupture  approaching  that  of  1 :3 :6  concrete 
were  those  with  a  2-in.  base.  The  average  for  .such 
bean;s  was  460  lb.  per  square  inch,  while  that  of  the  con- 
crete base  alone  was  475  lb.  per  square  inch. 

The  low  resistance  showti  by  l)eams  Nos.  47,  4f<,  49, 
and  50  (Table  2)  are  consistent  with  the  behavior  of  the 
.slabs  under  impact  test,  indicating  that  when  there  is  a 
cushion,  sepai'ating  the  toj)  and  the  base,  which  allows 
one  to  break  before  the  other,  the  strength  is  not  ])i'o- 
portional  to  the  total  thickness  but  rather  to  tho  thick- 
ness of  the  stronger  part. 

It  will  be  noted  that  the  average  l^reaking  loads  for 
the  4,  6,  8,  and  10-in.,  l:liX:3  concrete  beams  are  910. 
1,940,  3,500,  and  5.600  lb.  respectively,  which  follows  the 
theory  that  the  strength  of  a  beam  varies  as  the  scjuare 
of  its  depth.  This  relation  is  also  shown  by  the  breaking 
loads  of  700  and  1,550  lb.  foi'  the  4  and  6-in.,  1 :3:6  con- 
crete beams. 
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Table  3  gives  the  compressive  strengtlis  of  specimens 
of  PMiicrete  used  in  the  slab  construction.  Nos.  1  to  7, 
inclusive,  were  6xl2-in.  cj'linders  made  from  the  1 :3 :6 
base  concrete,  and  Nos.  8  to  12  were  cylinders  represent- 
ing the  1:1>4:3  concrete.  Nos.  13  and  14  were  cubes 
cut  from  slab  No.  19  (1:3:6  concrete)  after  test,  while 
Nos.  15  and  16  were  cubes  cut  from  slab  No.  14  {l-.yi  :3 
concrete)  after  test.  The  average  strength  of  the  cylin- 
dere  is  2,346  lb.  for  the  1:3:6  and  4.S79  lb.  for  the 
l:l}j:3  mi.\,  while  for  the  cubes  it  is  3,436  lb.  for  the 
1:3:6  and  6.222  lb.  for  the  l-.V^iS  mix.  From  these 
averages  the  compressive  resistance  of  l:li/2:3  concrete 
is  indicated  to  be  approximately  double  that  of  the 
1:3:6  mix.  This  relation  is  different  from  that  shown 
by  the  moduli  of  rupture  of  the  two  mixes.  Compared 
in  that  respect  the  1 :1V2  :3  mix  was  but  15%  better  than 
the  1  :3 :6  mix. 

Results  of  the  Tests  Sununarized 

In  summarizing  tiie  results  of  the  tcsls  a  word  should 
be  said  concerning  the  part  played  by  the  subgrade  in 


resisting  the  blows  delivered  to  the  slabs.  At  the  be- 
ginning of  the  tests,  it  is  assumed  that  the  slabs  were 
in  intimate  contact  with  their  subgrades.  Therefore 
the  first  blows  delivered  to  the  slabs  must  have  been 
resisted  almost  entirely  by  the  subgrades,  since  the  slab 
resistance  could  be  developed  only  by  deflection,  and  no 
deflection  was  possible  without  corresponding  deforma- 
tion of  the  subgrade.  Once  deformed,  however,  the  sub- 
grades  failed  to  return  to  their  initial  elevations,  while 
the  slabs  did  spring  back  after  each  blow.  Tht  result 
was  that  it  was  necessary  for  the  slabs  to  deflect  more 
and  more  under  each  succeeding  blow  before  the  .sub- 
grade  could  be  brought  into  play  to  assist  in  resisting 
the  blow.  With  increasing  deflection  the  stress  set  up 
in  the  slabs  increased,  and  the  resistance  to  the  blow  was 
offered  to  an  increasing  degree  by  the  slabs  and  to  a 
diininiishing  degree  by  the  subgrades.  The  slabs  failed 
when  the  stresses  set  up  exceeded  their  strengtlis ;  but  at 
the  instant  of  failure  the  blow  was  probably  resisted 
partly  by  the  subgrades.    It  appeai«  therefore  that  the 


T.\BLE     2. — RESISTANCES    OF     PAVEMENT    SECTIONS      TESTED  AS    BEAMS    I'NDEK    STATIC    LOADS. 
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slab  resistances  indicated  by  the  tests  were  greater  than 
they  would  have  been  if  the  centers  of  the  slabs  had  been 
entirely  without  subgrade  support.  How  closely  the 
conditions  of  the  tests  in  this  respect  conform  to  the  con- 
ditions which  exist  in  actual  pavements  it  is  impossible 
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FIG.   18. — APPARATUS  FOR  TESTING  BEAMS 

to  determine,  but  it  is  believed  that  .similar  conditions 
do  exist  under  many  pavements. 

For  the  test  conditions  of  size,  loading,  and  support 
of  .slabs,  as  previously  described,  the  following  indica- 
tions are  noted: 

The  resistances  shown  by  1:1^^:3  concrete  slabs,  7  ft. 
square,  are  very  consistent,  increasing  unifomily  with 
increase  in  thickness.  In  slabs  6  in.  and  more  in  thick- 
ness only  primary  cracks  developed,  while  4-in.  slabs 
shattered  and  punched  out  at  the  center.  Prom  this  it 
would  seem  that  plain  concrete  surfaces  of  4-in.  thick- 
ness are  inadequate  for  heavy  motor-truck  ti-affic. 

Comparison  of  the  results  of  the  concrete  beam  tests 
under  static  loads  and  the  tests  of  concrete  slal)s  under 
impact  blowiS  shows  that  the  isolation  of  resistance  to 
thickness  is  not  the  same  under  the  two  conditions  of 
loading.  Beginning  with  tlie  4-in.  slab  which  I'csistod 
14.000  lb.  equivalent  static  load,  the  resistance  of  the 
.slabs,  as  measured  by  the  equivalent  static  load  at 
failure,  increased  5,000  lb.  with  each  inch  of  additional 
thickness,  while  the  beam  resistances  varied  as  the 
squares  of  their  depths.  It  must  be  remembered  that  the 
beam  tests  showed  the  resistance  of  the  specimens  alone, 
while  the  slab  results  were  conditioned  by  the  bearing 
power  of  the  subgrade.  This  might  account  in  part  for 
the  difference  observed;  but  according  to  theory  the  re- 
sistance of  beams  to  impact  does  vary  directly  with  the 
thickness.  It  would  seem  that  the  subgrade  nifluence 
affected  the  resistance  isho'vvn  by  the  thinner  slabs  much 
more  than  that  of  the  thicker. 

The  monolithic  slabs  in  most  cases  showed  less  re- 
sLstanee  than  the  1 :1J^  :3  concrete  slabs  of  the  same 
ilepth.  Failure  of  the  former  seemed  to  result  from  the 
shearing  of  the  brick  top  from  the  concrete  base  before 


full  resistance  of  the  monolith  was  developed.  This  al- 
lowed the  specimenfi  to  develop  at  most  only  the  sum  of 
the  resistances  of  the  two  parts.  The  monolithic  sectionfl 
tested  as  beams  under  static  loads  failed  in  the  same 
way,  but  the  resistance  of  the  beams  seemed  to  be  slightly 
in  excess  of  the  sum  of  the  top  and  bottom  strengths, 
while  the  slab  resistances  compared  favorably  with  the 
sum  of  the  resistances  of  the  •  two  parts.  This  would 
indicate  that  higher  shearing  stresses  are  developed  by 
impact  than  by  equivalent  static  loads. 

With  possibly  one  exception  (slab  No.  106)  the  grout- 
cd-brick  tops  with  sand-cement .  cushions  on  concrete 
bases  showed  less  resistance  than  the  monolithic  sections. 

Grout-filled  brick  tops  with  sand  and  screening 
cushions  on  concrete  bases  showed  slightly  greater  re- 
sistances than  would  be  expected  from  the  bases  alone. 

Grouted-brick  surfaces  compared  favorably  with 
1 :1J4 :3  slabs  of  equal  thickness,  while  grouted-brick 
beams  showed  resistances  in  excess  of  those  offered  by 
equal  thicknesses  of  1 :1J^  :3  concrete. 

As  would  be  expected  the  beam  strengths  of  the  bases 
Avere  not  much  increased  by  bitumen-filled  brick  tops. 

With  few  exceptions  other  than  the  monolithic  slabs, 
the  indications  were  that  failure  occurred  because  of 
increase  of  the  force  of  impact  rather  than  by  repetition 
of  impacts  of  the  same  magnitude. 

It  was  generally  indicated  that  the  resistance  of  the 
ipecimens  increased  with  an  increase  in  the  bearing 
power  of  the  subgrade  as  shown  by  the  subgrade 
determinator. 

There  seemed  to  be  no  direct  relation  between  the 
moisture  content  and  the  supporting  value  of  the  sub- 

TABLE    3. — COMPRESSIVE    STRENGTH    OP   CONCRETE 
SPECIMENS. 


specimen  No. 

Mix. 

Ultimate 

lotal 
stron'.;th. 

Unit 
strength. 

J 

1-3-6 
1-3  -6 
1-3  -6 
1-3  -6 
1-3  -6 
1-3  -6 
1-J  -6 
l-H-3 
1-15-3 
l-li-3 
i-11-3 
1-11-3 
1-3  S 
1-3  -6 
l-H-3 
l-lJ-3 

round.*. 
62,220 
68, 5S0 
72,000 
64  540 
82,700 
56,200 
.58,570 
128.000 
151  000 
ho;  000 
124,500 
137,000 
86,050 
81,520 
145,100 
156,290 

Lbs  per 
sq.  in. 
2,200 

2,420 

31 

2,  .540 

41                             

2,280 

2,920 

Q                                                         .             

1,990 

7           .                                                

2.070 

I-;;;:;;;;;;;;;-;"-;;::::::::::.:::::::::::: 

4.5.10 
5,340 
5,270 

4,400 

12                     

4,850 

3,442 

j4  3                              

3,430 

6,030 

igl                        , 

«,4I5 

1  Dry  Mix. 


2  Wet  Mix. 


3  Cubes  cut  fixjiri  slab  specimens. 


grade.  It  was  found  that  the  supporting  value  was  least 
in  the  early  spring  after  frost  had  left  the  ground  and 
that  it  increased  through  the  summer  months.  This  in- 
crease of  supporting  value  occurred  notwithstanding 
attempts  made  to  keep  the  subgrade  under  about  one- 
lialf  the  slabs  in  a  moist  condition.  During  the  summer 
it  was  noted  that  the  supporting  value  was  not  much  im- 
paired by  rains.  Observations  made  at  different  periods, 
however,  did  show  a  higher  moisture  content  in  the  sub- 
grades  surrounded  by  the  ditches  which  were  kept  full 
of   water   than   in  the   subgrades   suri'ounded   by   dry 
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ditches.     lu  t^rneral,  also  the  supportiu)^  value  was  lotis 
in  the  former. 

The  relation  between  the  strength  of  1 :13^  :3  and  1 :3 :6 
concrete  specimens,  as  sliown  by  both  the  beam  and  slab 
tests  wa.s  different  from  that  shown  by  the  compressive 
tests  on  cvlindere  and  cul>es.  From  the  latter  the  rc- 


FIG.   19. — VIEWS  OF  TYPICAL  BEAM  FRACTURES 

sistancc  to  compression  for  1 :3 :6  was  shown  to  be  about 
50^  of  that  for  the  1:1J^:3  mi.\.  while  the  difference 
between  the  two  niixe»i  as  indicated  by  beams  and  slabs 
does  not  exceed  15  to  20%.  It  will  be  remembered  also 
ihat  the  wear  tests  ou  pavement  sections'  failed  to  dis- 
close any  relation  between  compressive  resistance  and 
resistance  to  wear  of  the  concretes  made  of  the  several 
different  aggregates. 

As  a  result  of  the  stuilics  with  copper  cylinders  and 
the  derivations  from  the  space-time  curves  and  also  as 
a  result  of  the  slab  and  beam  tests,  it  appeal's  that  usable 
relations  have  been  established  between  .static  loads  and 
im|in<-ts  such  as  were  delivered  in  those  tests. 

Practical  Application  of  the  Test  Results 
In  all  the  impact  experiments  which  have  been  con- 
ducted liy  the  Bureau  of  Public  Roads  the  end  which  has 
been  constantly  kept  in  view  is  the  development  of  a 
rational  method  for  the  design  of  i-oads  to  withstand  this 
destructive  force.  No  investigation  has  been  undertaken 
unless  there  wa«  reason  to  believe  it  would  contribute 
something  of  value  toward  this  end.  It  has  been  neces- 
sarj-  to  do  a  great  deal  of  work  the  results  of  which  have 
had  no  immediate  practical  value.  When  it  is  considered, 
however,  that  at  the  outset  of  the  tests  there  was  not 
even  an  instrument  with  which  to  measure  the  effects  of 
impact,  it  does  not  seem  surprising  that  the  earlier  work 


could  not  be  turned  to  instant  practical  use.  The  first 
stage  of  the  tests,  devoted  to  the  search  for  a  measuring 
instrument,  resulted  in  the  adoption  of  the  coi)per- 
cylindcr  method.  The  second  consisted  in  tlie  use  of  the 
cylinders  to  measure  the  magnitude  of  the  impact  forces 
delivered  by  motor  trucks  moving  at  various  speeds,  with 
different  conditions  of  tire,  spring,  load,  and  contact  with 
the  road.  The  third  stage,  which  has  been  described  in 
this  series  of  ai'ticles.  dealt  with  the  devoloitincnt  of  an 
improved  measuring  instrument  and  the  determination 
of  the  effect  of  impact  on  various  pavements.  Informa- 
tion of  the  cliiii'acter  furnished  by  tliesc  wsories  of  tests 
is  all  that  is  needed  for  tlie  solution  of  the  problem  of 
design,  so  far  as  the  force  of  the  impact  is  concerned. 

The  range  of  conditions  dealt  with  is  not  yet  extensive 
enough  and  the  data  are  not  numerous  enough  to  satisfy 
the  requirements  of  practical  design;  but,  in  the  main, 
what  remains  to  be  done  is  simply  to  fill  in  the  details  of 
the  outline  already  laid  down. 

The  manner  in  which  the  test  results  can  Ijc  utilized 
is  illustrated  by  the  following  example  in  which  the  con- 
ditions a,ssumed  correspond  to  the  conditions  of  the  tests. 

Let  us  sui)j>08e  a  concrete  pavement  is  to  be  designed 
to  su.stain  safely  the  impact  of  a  5-ton  truck  loaded  to 
(•ai)acity.  It  will  be  assumed  tliat  the  character  of  the 
road  surface  and  the  condition  of  the  tires  of  the  ve- 
liielos  which  will  use  the  road  ai'e  such  tliat  the  impact 

T.XBLE    4.— niPACT    CAU.SED    BY    DIFFERENT    MOTOR 
TRI'CKS. 
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of  the  vehicles  will  be  equivalent  to  that  whicli  would 
result  by  dropjiing  the  rear  wheels  from  a  height  of  one- 
fourtl)  iiicji.  Let  it  ))e  assumed  also  that  the  pavement 
IS  to  be  designed  to  span  small  areas  in  wliich  it  will  re- 
ceive very  little  .subgrade  support,  a  condition  similar  to 
that  which  existed  in  the  tests. 

(Continued    on    page    6) 
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NINETEEN  TWENTY-TWO 

The  road  builder,  it  seems  to  us,  has  everj^  reason  to 
look  forward  with  abundant  optimism  to  the  coming 
season.  Notwithstanding  the  great  volume  of  work  that 
has  been  done  in  the  road  building  field  during  the  past 
twenty  y^ars,  the  great  work  of  providing  the  country 
with  an  ade<iuate  highway  system  hardly  has  been  com- 
menced. One  of  the  greatest  material  undertakings  of 
man  lies  ahead  of  the  road  builders  of  America  and  there 
is  every  reason  to  look  to  the  coming  season  to  mark  the 
beginnin_g  of  an  era  of  unprecedented  achievement. 

The  two  great  forward  steps  that  have  been  taken 
in  road  betterment  were  the  adoption  of  the  state  aid 
principle  and  the  inauguration  of  federal  aid.  When 
a  few  of  the  eastern  states  established  the  former 
as  the  basis  of  highway  work  some  twenty  years  ago,  road 
improvement  in  this  country  really  began.  As  state 
after  state  took  up  the  plan,  road  work  evolved  from  a 
local  affair  to  a  matter  of  state-wide  effort  and  the  patch- 
work of  town  and  county  highways  began  to  take  on  the 
seiiililance  of  state  systems  of  connected  highways.  In 
1016,  when  the  first  federal  aid  law  was  enacted,  the  pos- 
sibility of  welding  these  state  systems  into  a  national 
system  that  would  serve  the  country  at  large,  as  well  as 
the  states,  the  counties  and  the  towns,  became  something 


more  than  the  dream  of  a  few  men  with  the  vision  of 
what  highway  transportation  would  sometime  mean  to 
the  nation. 

While  these  changes  in  policy  were  being  worked  out, 
the  automobile  and  tlie  motor  truck  had  so  far  replaced 
the  horse-drawn  vehicle  of  the  early  days  of  real  road 
building,  and  had  so  added  to  the  volume  of  traffic  upon 
the  roads,  that  highway  work  had  assumed  new  impor- 
tance and  the  science  and  art  of  building  and  maintain- 
ing roads  had  become  a  highly  specialized  and  generally 
recognized  branch  of  engineering.  New  methods  had 
been  devised  and  nmterials  previously  little  used  had 
found  wide  employment  in  both  street  and  road  work. 
The  road  builder  had  found  a  broader  field  of  service, 
for  he  had  come  to  a  realization  that  the  problems  of 
economics,  of  legislation,  of  finance  and  of  transportation 
were  as  much  his  as  were  the  mere  technical  phases  of 
his  work. 

Under  normal  conditions,  1917  might  have  marked 
the  beginning  of  real  progress  in  the  building  of  the 
nation's  roads.  But  the  war  and  its  aftermath  inter- 
vened. Restrictions  upon  the  programs  that  had  been 
formulated,  scarcity  of  labor  and  materials,  high  prices, 
curtailed  railway  facilities,  prohibitive  freight  rates, 
financial  stringency,  and  a  host  of  lesser  hindrances, 
have  held  back  road  construction  and  maintenance  dur- 
ing the  past  few  years. 

Now  the  war  is  over  and  there  is  reason  to  believe 
that  the  worst  of  its  reaction  has  paased,  that  the  pen- 
dulum has  begun  its  swing  back  to  normal  conditions. 
Congress  has  enacted  a  new  federal  aid  law  from  which 
much  is  expected,  and  has  made  new  appropriations. 
Prices  and  freight  rates  have  begun  to  show  signs  of 
reaching  stable  levels,  labor  is  plentiful,  more  efficient 
and  less  costly,  bonds  are  finding  better  markets,  and  the 
states  and  their  subdivisions  are  ready  to  go  ahead  with 
expanded  pragrams.  In  the  technic  of  highway  engi- 
neering great  progress  has  been  made  and  important  re- 
searches and  experimentation  are  in  progress.  Better 
and  better  administrative  methods  ai-e  being  adopted  and 
the  economics  of  road  improvement  are  receiving  more 
nearly  the  attention  they  deserve  and  require.  The  high- 
way engineer  occupies  a  far  more  responsible  position 
than  he  did  even  five  years  ago  and  he  has  gained  much 
in  the  esteem  of  his  fellow  engineens  in  other  lines  and  in 
appreciation  by  the  public  that  employs  him. 

All  things  considered,  the  outlook  for  the  1922  road 
building  season  is  reassuring.  Unless  something  unfore- 
seen occurs — and  there  is  no  reason  to  expect  anything 
of  the  kind — the  coming  year  should  bring  to  road  build- 
ens  opportunities  for  service  and  for  their  own  advan- 
tage that  they  have  never  had  before. 
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(Continued  from  page  4) 

To  mett  these  requirements  the  desifrner  would  refer 
first  to  the  results  of  the  measureinent  of  motor  track 
impact.  A  brief  summary  of  these  i-esults  is  ^ven  in 
Table  4.  The  table  shows  the  impacts  delivered  by  the 
rear  wheels  of  trucks  of  various  sizes,  variously  loaded. 
and  dropped  upon  the  road  surface  from  three  different 
heif^hts.  The  average  impact  resulting  from  a  one-fourtli 
inch  drop  of  the  rear  wheela  of  a  5-ton  truck  loaded  with 
5  tons,  as  shown,  is  equivalent  to  a  static  load  of  about 
11.000  lb. 

Several  corrections  must  be  applied  to  this  value  be- 
fore it  can  be  used.  In  the  first  place  the  tabular  values 
repreaent  the  impacts  delivered  by  trucks  equipped  with 
nevf  solid  tires.  The  tests  showed  that  the  use  of  worn 
tires  might  increase  the  impact  by  from  15  to  60%. 
Assuming  that  the  use  of  badly  worn  tires  will  be  pro- 
uibited  by  law  let  \x  apply  a  correction  of  30%  which 
will  increase  the  tabular  average  to  14,300  lb.  equivalent 
static  load. 

Also  since  the  tabular  values  were  obtained  by  the  use 
of  YixYi-m.  copper  cylinders,  they  are  less  than  the  time 
impacts,  and  it  will  therefore  be  neccssaiy  to  apply  the 
correction  indicated  in  the  first  article  of  this  series. 
Finally,  as  insurance  against  overloaded  tracks,  and 
other  conditions  such  as  the  use  of  nonskid  chains  which 
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LOAP  IN  TONS  ON  TRUCK 
FIG.  20. — TOTAL  WHEEL  LOADS  AND  IMPACTS 
FOn   TOTAL   LOAD  CARRIED   ON  TRUCK 

would  increase  the  impact,  let  us  double  the  estimated 
impact.  The  tabular  values  of  impact  increased  by  30% 
for  tire  condition  and  corrected  to  eliminate  the  effect 


of  the  ooppci-  cushion  are  shown  in  curves  2,  3,  and  4 
of  Fig.  20.  Curve  1  shows  the  total  static  load  on  one 
rear  wheel  and  curve  5  shows  double  the  values  of  the 
corrected  impacts  for  the  ^-in.  drop.  In  each  ease  the 
impacts  or  loads  are  shown  in  relation  to  the  load  eari'ied 
by  the  truck,  lleferring  then  to  curve  5,  we  find  that  in 
designing  a  pavement  for  a  5-ton  track  loaded  to  ca- 
pacity, provision  must  be  made  for  an  eqpivalent  static 
load  of  32,500  lb.,  which  is  slightly  more  than  four  times 
as  great  as  the  total  load  on  one  rear  wheel  of  the  ti-uek 
as  shown  by  curve  1. 

Having  thus  determined  the  impact  for  which  the  sur- 
face is  to  be  designed,  the  thickness  required  is  indicated 
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THICKNESS   OF  SLABS  IN  INCHES 

FIG.   21.— RESISTANCE  OF  DIFFERENT    THICKNESSES 
OF    1  :li4  :3    CONCRETE    SLABS 

by  the  i-esults  of  the  slab  tests  reported  in  this  article. 
For  1  dVo  :3  concrete  slabs  the  average  results  of  these 
tests  are  shown  in  Fig.  21,  which  gives  the  resistance  of 
slab.s  of  various  thicknesses.  Referring  to  this  figure  it 
is  found  that  a  l:lj4:3  concrete  pavement  to  withstand 
the  impact  of  5-ton  tracks  loaded  to  capacity  and  op- 
erated under  the  as.sunied  conditions  must  have  a  thick- 
ness of  between  7j4  and  8  in. 

Proceeding  in  a  similar  manner  from  other  assump- 
tions it  can  be  shown  that  the  thicknesses  of'lrlJ/jiS 
concrete  required  for  various  sizes  of  trucks  are  as  fol- 
lows: for  a  IJ/^-ton  load,  5  in. ;  for  a  2-ton  load,  5.5  in. ; 
for  a  3-ton  load,  6.4  in. ;  for  4  tons,  7.1  in. ;  for  5  tons. 
7.7  in.  and  for  a  7i/2ton  load,  8.9  in. 

Tyieat  thicknesses  are  given  merely  as  /Tie  results  of  an 
example  v-hich  is  cited  to  illustraie  a  method  of  design. 
They  are  not  to  he  considered  as  the  proper  thicknesses 
of  actual  pavements  to  accommodate  vehicles  of  the  sev- 
eral capacities;  nor  is  the  curve  in  figure  21  to  be  under- 
stood to  represent  anything  other  than  the  average  rela- 
tion of  resistance  to  thickness  in  the  particular  tests 
which  have  been  described. 

One  of  the  reasons  why  the  results  can  not  be  gen- 
erally applied  is  that  they  relate  only  to  the  special  sub- 
grade  conditions  which  existed  at  the  Arlington  Experi- 
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mental  Farm.  There  is  no  assurance  that  the  resistances 
of  the  slabs  tested  would  not  have  been  widely  different 
if  they  had  been  laid  on  different  subgrades.  On  the 
contrary,  there  is  every  reason  to  believe  that  they  would 
have  been  different. 

Another  obvious  reason  is  that  the  slab  resistances 
used  were  derived  from  tests  in  which  the  impact  was 
delivered  only  to  the  centers  of  the  7-ft.  slabs,  and  it  is 
known  that  this  is  the  most  favorable  condition.  Less 
resistance  would  have  been  offered  to  impact  applied  at 
their  edges,  and  still  less  to  blows  delivered  at  their 
corners. 

These  reasons  indicate  the  need  for  further  research. 
In  respect  to  the  subgrade  the  first  need  is  to  devise  a 
method  by  which  the  supporting  value  may  be  measured, 
the  next  is  to  find  out  how  and  to  what  extent  it  is  affect- 
ed by  moisture  and  other  natural  conditions.  These  prob- 
lems solved,  it  will  still  be  necessary  to  study  the 
changes  which  affect  the  shape  of  the  subgrade,  such 
changes,  for  example,  as  are  caused  by  frost  and  the 
pounding  of  traffic,  for  with  rigid  surfaces  the  support 
offered  by  the  subgrade  depends  not  only  on  its  support- 
ing value  but  also  upon  the  nature  of  its  contact  with  the 
surface.  And  this  study  will  necessarily  include  the 
behavior  of  the  surfaces  as  well  a's  the  subgrade,  for  the 
desired  contact  may  be  lost  by  the  movement  of  the  road 
slab  itself.    The  bureau's  tests  have  shown  already  that 


sucli  movement  occurs  daily  as  a  result  of  temperature 
changes.* 

The  determination  of  the  edge  and  corner  resistance 
of  the  slab  presents  no  great  difficulty.  It  is  confidently 
expected  that  reliable  data  on  this  subject  will  be  de- 
veloped by  tests  now  under  way ;  and  with  the  knowledge 
gained  it  should  not  be  a  difficult  matter  to  design  all 
parts  of  the  slab  to  have  equal  strength. 

What  doubt  remains  as  to  the  intensity  of  the  impact 
which  may  be  delivered  by  vehicles  operating  on  actual 
roads  should  be  cleared  up  by*  means  of  the  impact  re- 
corder designed  by  the  bureau  and  awaiting  only  minor 
adjustments  preparatory  to  experimejital  use.  This  ap- 
paratus, attached  to  a  motor  truck,  will  give  autographic 
space-time  curves  similar  to  those  drawn  by  the  instru- 
ment attached  to  the  stationary  impact  machine,  and 
thereby  permit  the  measurement  of  impact  on  actual 
highway  surfaces. 

Oher  tests  which  are  already  in  progress  will  yield 
further  data  on  the  resistance  offered  by  bituminous- 
topped  and  reinforced-concrete  pavements.  If  the  sub- 
grade  problem  can  be  solved  satisfactorily  the  informa- 
tion which  will  ultimately  become  available  should  give 
a  very  clear  conception  of  the  type  and  thickness  of 
pavement  necessary  for  any  given  kind  of  traffic. 


^"Subgrade  Drainage  Tests  Yield  Interesting  Preliminary 
Data."    Article  by  Ira  B.  MuUis.    Public  Roads,  October,  1921. 


ROAD  WORK  m  PENNSYLVANIA 

State  Highway  Depaxtment  Euilds  2,777  mi.  of  High- 
way During  Past  17  Years — During  the  Year  1921 
State  Constructed  670  mi.  of  Durable  Roads. 

During  the  last  seventeen  years  the  State  Highway 
Department  of  Pennsylvania  has  put  under  contract 
2,776.95  mi.  of  roadway. 

During  the  years  1919,  1920  and  1921,  under  the 
administration  of  State  Highway  Commissioner  Lewis 
S.  Sadler,  the  department  completed  1,340  mi.  of  durable 
highway,  and  in  addition  entirely  resurfaced  1,207  mi. 
of  macadam. 

The  resurfacing  operations  of  the  department  .began 
in  1914,  in  which  year  the  practice  of  awarding  con- 
tracts for  macadam  roadway  construction  was  practically 
discontinued.  In  the  years  beginning  with  1914  and 
ending  with  1921  the  State  Highway  Department  re- 
surfaced 2,409  mi.  of  macadam  roadway. 

It  was  in  1919,  shortly  after  Commissioner  Sadler 
assumed  office,  that  the  State  Highway  Department  laid 
out  the  primary  highway  system  which  comprises  3,942 
mi.  and  consists  of  those  highways  which  are  of  im- 
portance to  the  .state  at  large.  The  department  applied 
chiefly  to  the  construction  of  this  primary  highway 
mileage  the  proceeds  of  the  $50,000,000  bond  issue  au- 
thorized by  the  voters  in  1918.  In  the  three  years  which 
have  elapsed  since  Commissioner  Sadler  assumed  office, 
the  department,  as  stated,  has  put  down  1,340  mi.  of 
roadway  of  such  types  as  with  proper  maintenance  vnll 
still  be  in  existence  at  the  maturity  of  the  bonds  issued 


to  pay  for  them.  The  primary  highway  system  was 
laid  out  regardless  of  divisional  lines,  such  as  county 
boundaries,  for  the  reason  that  it  is  of  benefit  to  the  state 
at  large,  connecting  as  it  does  the  centers  of  supply 
with  the  centers  of  consumption. 

The  types  of  roadway  comprising  the  2,776.95  mi.  con- 
tracted for  by  the  Department  since  1903  are  as  follows : 

Type  Miles 

Macadam 815.95 

Bituminous   Macadam    223.46 

Briclc  156.11 

Bituminous  Concrete 273.92 

Reinforced    Concrete 1294.71 

Grading  and  Drainage  only 11.54 

Plain  Concrete 1.26 

Total 2776.95 

The  contract  totals  from  the  year  1904  to  1918,  ia- 
clussive,  are  as  follows:  1904,  69.23  mi. ;  1905,  132.39  mi. ; 
1906,  130.44  mi.;  1907,  209.37  mi.;  1908,  195.77  mi.; 
1909,  75.89  mi.;  1910,  48.93  mi.;  1911,  39.29  mi.;,  1912, 
135.97  mi. ;  1913,  63.79  mi. ;  1914,  64.62  mi. ;  1915,  7.25 
mi.;  1916,  21.76  mi.;  1917,  64.71  mi.;  1918,  107.89  mi. 
It  was  during  the  next  three  years — 1919,  1920  and 
1921,  that  Pennsylvania  went  into  first  place  in  the 
construction  of  durable  highway.  Not  only  is  the  record 
for  these  three  years  unequalled  by  any  other  American 
state,  but  the  record  of  of  670  mi.  for  1921  is  practically 
double  the  mileage  of  durable  roadway  put  down  last 
year  by  any  other  state. 

It  is  the  aim  of  State  Highway  Commissioner  Sadler 
during  the  coming  season  to  tie  up  already  constructed 
sections,  insofar  as  the  resources  of  the  department 
will  permit. 
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Some  Unsolved  Problems  in  H ighway  Economics' 


Uy  H.  S.  V 

To  one  fa  uiliar  with  the  history  mid  interested  in  the 
future  of  Americiiu  liijthwiiy  biiihlinsr,  tliere  is  nothmii 
luore  reavsuriiijr — nothinjr  which  seems  to  give  better 
pro.».i^  of  healthy  ilevelopiuent — than  the  general  recog- 
uitiou  of  the  existence  of  numerous  nn>blems  whieli  re- 
main to  Ik"  solvetl."  At  a  time  not  so  remote  as  to  be 
l)eyontl  the  span  of  a  young  man's  experience  it  wouKl 
have  been  almost  heresy  to  doubt  tiiat  the  last  word  had 
been  spoken  on'the  sicbject  of  highway  design  and  ooii- 
struetion.  Highway  builders  were  sure  of  themselves 
then — sure  of  their  principles  at  least — and  their  main 
efforts  were  dire<'ted  to  the  standardization  of  practices 
to  conform  to  this  or  that  metliwl  wliich  liad  been  found 
sueeessful. 

Ant«-Bellum  Highways 

Knowing  very  little  of  how  tlicy  diil  it,  road  builders 
of  that  day  were  yet  able  to  build  to  the  fidl  satisfaction 
of  tlic  traffic  of  the  time,  a  horse-drawn  traffic  that  inovetl 
on  steel-tiretl  wheels.  Then  came  the  aiit()m()i)ile  to  jar 
the  universal  complacency  and  later  the  nurtor  truck  to 
shatter  it  to  bits,  with  the  war's  IntciisiHed  heavy  traffic 
to  grind  the  bits  to  powder,  then  for  a  season  hoi)eless- 
nes.s,  when  engineers  saw  their  best  roads  utterly  de- 
molished by  trains  of  army  trucks  without  an  idea  as  to 
how  they  were  to  be  replaced. 

The  New  Era 

Then  caaie  the  dawning  of  the  realization  that  there 
were  some  highway  problems  to  be  solved,  some  big 
problems  that  go  to  the  very  fundamentals  of  highway 
engineering.  To  the  Bureau  of  I'ui)lic  Roads  through  its 
contacts  with  the  situation  in  every  corner  of  our  coun- 
try came  the  first  realization  of  the  bigness  of  these 
problems,  and  it  set  to  work  immediately  to  gather  tlie 
facts  nwes-sary  to  place  highway  construction  upon  a 
more  scientific  basis.  In  this  work  the  bureau  lias  been 
followed  by  many  of  the  state  highway  departments  antl 
by  the  laboratories  of  a  numi)er  of  universities;  and  a 
mass  of  scientific  data  has  been  gathered  already  which 
affords  a  much  better  insight  into  the  causes  of  failure 
and  the  secrets  of  highway  wear  than  has  ever  before 
been  possible. 

At  first  the  researches  of  the  various  agencies  were 
carried  on  along  the  lines  which  appeared  to  each  as  the 
m<»st  desirable  and  there  is  no  doubt  that  some  of  the 
ground  has  been  covered  by  more  than  one  investigator 
with  resulting  waste  of  effort.  This  condition  should  now 
l»e  remedied  through  the  instrumentality  of  the  National 
Research  Council,  which  is  undertaking  to  correlate  and 
coorflinate  the  work  of  the  several  agencies,  parcelling 
out  to  each  a  definite  part  of  the  whole,  and  knitting  to- 
gether the  results  of  their  laboi-s  to  form  a  complek' 
fabric  of  scientifically  obtained  fact. 


'From  the  "Bulletlu"  of  tlie  Associated  0«(ieral  Con- 
tractors. 

♦  Senior  IiiKhw»y  KiiKinccr,  Hiircaii  of  I'tililic  Koads,  tJ.  S.  De- 
partment of  AKri'-iiltiirc 


AlRU.i.NKt 

Research — Physical   and  Economic 

The  researches  in  whidi  tlic  {iroatest  pi'ogre.s.s  has  been 
made  iiave  dealt  i)rincipally  with  the  physical  problems 
involved  in  the  design  of  the  roads  themselves,  and  cer- 
tainly our  ignorance  of  the  physical  jiropertles  of  sub- 
grade  and  pavements  is  sufficient  to  .justify  immediate 
study.  But  even  more  important  than  some  of  the  phys- 
ical i)roblenis  ai'e  those  of  an  economic  nature  which 
contlition  the  character  of  the  physical  construction.  Be- 
fhre  any  highway  at  all  can  be  built  these  problems  must 
be  faced,  and  by  far  the  majorit.v  of  considerations  in- 
tluenciug  the  location  and  type  of  the  road  are  economic 
and  not  physical  considerations. 

Character  of  Traffic 

Thus,  one  of  the  first  tilings  that  must  be  known  be- 
fore any  highway  can  be  intelligent!}'  designed  is  the 
character  of  the  traffic  it  will  carry.  In  this  respect  the 
railroad  engineer  has  a  relatively  simple  ])roblem.  The 
traffic  he  prei)ares  for  is  more  or  less  definitely  predicta- 
ble. But  for  the  highway  engineer  the  future  is  cloaked 
in  uncertainty.  This  yuich  he  can  be  reasonably  sure  of 
— that  the  traffic  of  the  past  is  no  sure  index  of  the  traffic 
of  the  future.  The  past  use  of  the  road  has  been  governed 
by  its  physical  condition.  When  its  physical  condition  is 
altered  the  traffic  w-hieh  uses  it  will  change.  In  a  qualita- 
tive way  it  is  clear  that  the  future  use  of  the  road  will 
depend  upon  its  condition  relative  to  that  of  other  roads 
serving  the  same  territory.  It  will  also  depend  upon  the 
character  of  the  towns  or  cities  connected  by  the  road, 
the  distances  between  them,  the  nature  of  the  urban  and 
rural  industries  and  the  relation  of  the  road's  location 
with  respect  to  steam  and  elec'trie  railroads  and  naviga- 
ble waterways.  It  is  not  difficult  thus  to  single  out  the 
goveniiig  factors;  the  difficulty  lies  in  placing  quantita- 
tive limits  upon  each  of  tlicin. 

Traffic  Volume  and  Unit  Weight 

For  purposes  of  design  the  engineer  must  know  both 
the  approximate  volume  of  the  future  traffic  and  the 
weight  of  the  heaviest  vehicle.  Knowledge  of  the  volume 
of  traffic  is  needed  princii)ally  to  determine  the  width  of 
the  road,  the  attrition  of  tlie  surface,  a  function  of 
volume,  being  practically  negligible  when  the  large  ma- 
jority of  vehicles  are  i-ubber-tired.  The  maximum 
vehicular  weight  is  re(piired  to  determine  the  strength  of 
the  road  surface.  In  this  determination  volume  plays  an 
unimi)ortant  part.  It  is  possible  that  the  repetition  of 
maximum  loads  may  serve  to  fatigue  the  road  .structure 
and  cause  it  to  break  down  under  a  load  which  it  would 
carry  safely  if  applied  only  occasionally.  But,  broadly 
speaking,  the  road  must  be  designed  to  carry  the  heaviest 
load  that  will  be  applied  to  it,  whether  that  load  is  a])- 
plied  few  or  many  times. 

If  this  were  all  the  information  re()uired.  thei-efore. 
the  economic  problem  would  not  be  difficult.  We  cf)nld 
assume    with    j)ractical    certaint.v    that    every    road — no 
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jiiatter  what  its  location — would  Ofcasionally  have  to 
carry  the  lieaviest  vehicle  manufactured,  and  since  the 
j)olic'y  of  vehicle  manufacturers  is  to  restrict  weight  to  a 
standard  maximum,  this  would  not  be  difficult  to  de- 
termine. As  volume  of  traffic  (assuming  that  it  is  rubber- 
tired)  lias  practically  no  effect  upon  the  design  of  the 
surface  except  as  it  concerns  width,  the  conclusion  would 
necessarily  be  that  all  roads  must  be  constructed  of  eqvud 
strength  and  that  the  only  permissible  variation  is  in 
their  width. 

Light  vs.  Heavy  Traffic 

8ui-li  a  conclu.sion,  while  entirely  consistent  with  the 
piiysical  requirements  of  unregulated  traffic,  fails  to  take 
account  of  all  the  economic  facts.  Large,  heavy  vehicles 
are  used  in  preference  to  small,  light  vehicles  because 
their  relative  cost  of  operation  is  lower.  One-iiundred 
tons  transported  in  u-ton  vehicles  will  be  moved  at  lower 
cost  than  if  it  is  carried  in  1-ton  vehicles;  but  to  operate 
the  heavier  vehicles  requires  a  heavier  and  more  ex- 
pensive road.  The  economic  problem,  therefore,  is  to 
balance  tlie  greater  cost  of  the  stronger  road  against  the, 
lower  ojK'rating  cost  of  the  heavier  vehicle. 

To  determine  how  much  more  can  be  economically  ex- 
pended to  build  a  road  for  a  traffic  of  5-tou  instead  of 
2-ton  vehicles  the  saving  in  cost  of  operaticm  ]>er  ton- 
mile  must  l)e  multiplied  by  the  number  of  ton-miles 
carried  during  the  year,  and  the  result  will  be  an  annual 
saving  in  operation  which,  capitalized,  is  the  amount  that 
can  be  ?>pent  to  strengthen  the  road  to  carry  5-ton  in- 
stead of  2-ton  vehicles. 

It  niust  be  evident,  therefore,  that  if  only  a  few  of  the 
heavier  vehicles  use  a  given  road  the  saving  in  operating 
cost  by  Their  use  can  not  be  suffi<Ment  to  justify  the  ad- 
ditional expense  of  the  stronger  road,  while  if  the  traffic 
of  such  vehicles  is  large  the  saving  may  more  than  offset 
the  greater  construction  cost.  It  ajjpcars,  therefore,  that 
the  facts  with  i-egard  to  traffic  that  must  be  known  be- 
fore any  intelligent  decision  as  to  the  type  and  dimen- 
sions of  the  road  can  be  reached  are  as  follows: 

1.  The  maximum  weight  of  vehicle. 

2.  The  volume  of  traffic. 

■i.  The  relative  proportion  of  heavy  and  light  loads  in 
the  traffi"-. 

It  is  this  last  named  fact  that  is  difficult  to  determine 
in  advance  of  construction.  In  its  unimproved  condition 
it  is  likely  that  the  road  has  been  used  by  but  few  heavy 
\ehicles.  simply  and  solely  l)ecause  of  its  condition. 
When  the  condition  is  improved  the  chances  are  that  the 
number  of  large  vehicles  that  will  be  operated  over  it  will 
be  increased.  How  great  will  lie  this  increase  and  what 
exjienditure  for  road  improvement  will  he  ju.stified  by  it 
is  the  road  builder's  problem;  and  it  is  a  problem  that 
needs  a  srreat  deal  of  general  and  special  .study. 

Regnlatino'  Traffic 
Unfortunately  the  uncertainty  goes  deeper  than  the 
mere  question  of  first  cost.  Supposing  that  it  be  decided 
u]>on  purely  financial  considerations  to  build  30  mi.  of  a 
given  road  outward  from  a  city,  as  a  5-ton  road.  For 
that  distance,  let  us  say.  it  is  anticipated  tliat  the  road 


will  carry  a  sufficient  number  of  5-ton  vehicles  to  justify 
the  construction  of  the  5-ton  surface.  Beyond  the  30- 
mi.  point  such  a  showing  can  not  be  made  and  it  is  de- 
cided to  provide  for  vehicles  no  heavier  than  3  tons. 
What  then  is  to  be  done  about  the  occasional  5-ton  ve- 
hicle which  it  is  desired  to  operate  to  the  town  or  village 
fiO  mi.  from  the  city?  Is  its  operation  beyond  the  30-mi. 
point  to  be  prevented  ?  If  so,  how  is  it  to  be  prevented  1 
By  police  regulation?  Then  we  must  take  into  our 
financial  computations  the  cost  of  policing  the  junction.s 
of  heavy  and  light  traffic  roads,  else  assuredly  the  occa- 
sional heavy  truck  will  continue  on  the  light  traffic  road 
in  defiance  of  law.  Nor  have  we  reached  the  bottom  of 
the  matter  yet,  for  the  strict  enforcement  of  .such  a 
regulation  will  mean  one  of  two  things  either  of  which 
will  add  to  transportation  costs.  Either  the  cargo  of 
the  heavy  truck  must  be  transshijied  to  a  lighter  vehicle 
at  the  junction  of  the  light  traffic  road  or  matter  des- 
tined for  i)oiiits  beyond  the  junction  will  have  to  be 
shipped  all  the  way  in  light  trucks. 

All  this  involves  loss  in  operating  cost.  To  build  all 
roads  for  the  heaviest  units,  w'hich  is  practically  the 
alternative,  means  waste  in  road  construction,  in  that  the 
cost  of  strengthening  a  large  part  of  the  system  mil 
never  be  repaid  by  the  saving  in  operating  expense  result- 
ing from  the  use  of  the  few  heavy  vehicles  tliat  will  ply 
over  that  part.  Which  way  does  economy  lie? 
Operating-  Costs 

The  question  will  never  be  definitely  answered  except 
in  connection  with  the  special  conditions  surrounding 
each  case,  but  there  are  a  number  of  general  ((uestions. 
which  will  arise  in  every  case,  which  deserve  immediate 
attention  by  those  who  are  working  to  solve  the  newly 
recognized  highway  problems.  Such  matters  as  the 
operating  cost  of  motor  vehicles ;  the  economic  motor- 
truck haul  in  competition  with  steam  and  electric  and 
waterway  transj)ortation,  and  in  the  absence  of  such 
competition;  the  highway  traffic  contributions  of  the 
principal  industries;  the  relation  of  cities  and  the  dis- 
tance between  them  to  the  character  of  highway  traffic — 
these  are  matters  requiring  general  study  for  application 
to  particular  eases.  In  view  of  their  manifest  importance 
it  is  difficult  to  understand  why  they  have  not  already 
received  the  careful,  scientific  study  that  is  being  given 
to  the  solution  of  the  more  important  physical  problems. 


A  DELAWARE  APPRECIATION  OF  THE  DU  PONT 
BOULEVARD 

The  subjoined  verse  from  the  Delaware  State  High- 
way Department,  author  not   specified,   probably   re- 
flects the  sentiments  of  many  an  automobilist. 
A  Tribute 

When   we   plow   throush    mud,  after    heavy    rains, 
And   the  auto   bumps,  and   grinds,   and   strains, 
We  think  of  smooth  and   nard-surfaced   roads 
Where  cars  glide  along  with   heavy   loads. 
We   also  think    of   one   determined    man, 
Who   stuck   with  courage  and   grit   to   a   plan. 
Never   halted    a    whit   through    slander   and    taunt; 
We   praise   the   name  of  COLEMAN   du   PONT. 
We're   pleased   to  have  .this   word   to   say 
For  the  man,  as  well  as  tor  the  benefici«nt  way. 
He   has   helped   our  state,   with  no  selfish   trace, 
And   made  for  us  all   a  much   better   place. 
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MEETINGS 

Calendar  of  Coming  Meetings 

Jan.  12-14 — Highway  Engineers'  Association  of  Mis- 
sonri — Annual  meeting,  Kansas  City.  Mo. 

Jan.  17-19— Iowa  Engineering  Society. — Thirty- 
foorth  Annual  Meeting,  Sioux  City,  Iowa.  Secretary, 
L.  A.  Canfield,  Des  Moines,  la.  ^ 

Jan.  17-19 — Associated  General  Contractors  of  Amer- 
iea — Third  Annual  Meeting,  Hotel  Winton,  Cleveland, 
Ohio.  General  Manager,  R.  C.  Marshall,  Jr.,  1038  Mun- 
sey  Bldg.,  Washington,  D.  C. 

Jan.  17-20,  1922 — American  Road  Builders'  Associa- 
tion.— Nineteenth  Annual  Convention,  Twelfth  Amer- 
ical  Good  Roads  Congress  and  Thirteenth  Good  Roads 
Show  under  the  auspices  of  the  A.  B.  B.  A.,  The  Coli- 
seum, Chicago,  111.  Secretary,  E.  L.  Powers,  11  Waverly 
Place,  New  York,  N.  Y. 

Feb.  12-17 — Conference  on  Highway  Engineering. — 
Eighth  Annual  Conference,  University  of  Michigan,  Ann 
Arbor,  Mich. 


Aims,  aiul  Hosults  Obtained,"  by  ¥,.  B.  Smith,  Bureau 
lit'  Public  Roads;  "Road  Laws  of  Missouri,""  by  Walter 
K.  Bailey,  Chairman,  Road  Conuuittee,  Missouri  House 
of  Representatives;  "Resume  of  the  Work  Done  by  the 
State  Highway  Department,"  by  Alexander  W.  Graham, 
State  Highwaj'  Engineer  of  Missouri. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

The  annual  meeting  of  the  American  Society  of  Civil 
Engineer  will  be  held  on  Jan.  18  in  the  auditorium  of 
the  Engineering  Societies  Building  in  New  York  City. 
On  the  following  two  days,  Jan.  19  and  20,  a  conference 
will  be  held  on  national  transportation  problems.  The 
first  day  will  be  devoted  to  a  discussion  of  water  and 
railroad  transportation  and  the  last  day  to  highway 
transportation. 


HIGHWAY  ENGINEERS'  ASSOCIATION  OF 
MISSOURI 
The  fifteenth  annual  meeting  of  the  Highway  Engi- 
neers' Association  of  Missouri  will  be  held  on  Jan.  12, 
13  and  14  at  the  Baltimore  Hotel,  St.  Louis,  Mo.  Among 
the  papers  which  will  be  read  are  ' '  Bituminous  Roads, ' ' 
by  Robert  W.  Waddell,  C*ity  Engineer,  Kansas  City,  Mo. ; 
"Oiling  Roads,"  by  Leo  E.  Koehler,  Highway  Engineer. 
Jackson  County;  "Road  Building  Materials,"  by  H.  A. 
Buehler,  State  Geologist ;  "PVderal  Aid,"  by  H.  H.  Lot- 
ter,  Senior  Highway  Engineer,  Bureau  of  Public  Roads; 
''Brick  Roads,  Their  Construction  and  Maintenance,"  by 
M.  W.  Watson,  State  Highway  Engineer  of  Kansas ; ' '  The 
Problem  of  Heavy  Trucks  and  Permanent  Highways," 
by  E.  J.  MeCaustland,  Dean,  University  of  Missouri; 
"The  Bates  Experimental  Road  and  Problems  of  Design, 
Construction  and  Maintenance,"  by  Clifford  Older,  State 
Highway  Engineer  of  Illinois;  "Construction  and  Main- 
tenance of  Concrete  Roads,"  by  John  M.  Malang,  for- 
mer State  Highway  Superintendent  of  Missouri ; 
"Gravel  Roads,  Their  Construction  and  Maintenance," 
by  C.  Coykendall,  Assistant  State  Highway  Engineer  of 
Iowa;  "Testing  Work  of  Bureau  of  Public  Roads,  Its 


WOOD  PRESERVERS  INITIATE  STUDY  OF 
CREOSOTED  BRIDGE  FLOORS 

A  joint  committee  consisting  of  i-epresentatives  of 
wood  preserving,  fire  protection,  bridge  engineering  and 
lumber  interests  has  been  formed  under  the  auspices  of 
the  American  Wood  Preservers"  Association  to  study 
creosoted  wood  bridge  floor  construction. 

Numerous  bridge  fires  have  led  to  the  supposition  that 
improper  design  probably  plays  a  part  in  such  cases. 
Since  wood  floors  will  be  used  and  the  w-ood  will  be 
treated  to  resist  decay,  the  committee  will  make  an  ex- 
liaustive  study  of  the  entire  subject. 

The  members  of  the  committee  are:  L.  T.  Ericsen,  of 
the  Jennison-Wright  Co.,  chaii-man ;  E.  F.  Kellcy,  of 
the  bridge  division  of  the  Bureau  of  Public  Roads;  Geo. 
W.  Booth,  Chief  Engineer  of  the  National  Board  of 
Fire  Underwriters,  and  D.  F.  Holtman,  of  the  National 
Lumber  Association. 


PERSONAL  MENTION 


p.  C.  McArdle  has  resigned  as  superintending  engi- 
neer for  Vermilion  County,  Illinois,  the  bond  issue  road 
sy.stem  upon  which  he  has  been  engaged  having  been 
completed. 

V.  W.  Baise  has  been  promoted  from  draftsman  and 
computer  to  assistant  engineer  in  the  department  of 
highway  designs  and  estimates  of  the  North  Carolina 
State  Highway  Department. 

J.  R.  McDermott  has  been  appointed  a  resident  en- 
gineer with  the  West  Virginia  State  Roads  Commission. 
He  will  have  charge  of  work  in  Mineral  and  Hampshire 
Counties,  with  headquartei'S  at  Keyser.  Mr.  McDermott 
was  foi-mei'ly  an  asisistant  division  engineer. 


PUBLICATION 


MANUAL  ON   ROAD  CONSTRliCTION.      Division   ol   Higli- 
ways,   Illinois.    Prepared  by  B.  H.   Piepmeier,  Engineer  of 
'Construction,  Division   of  Hipiiways.     Paper,   6x9   in.,   73 
pages.     Illustrated. 

This  manual,  setting  forth  tlic  requirements  of  the 

Illinoi.s  Division   of  Highways  in   tlie   construction   of 

variotis  types  of  roads,  was  prepared  for  tlic  use  of 

resident  engineers  and  inspector,s.    About  half  of  the 

book  is  devoted  to  concrete  pavements,  the  remainder 

of  the  book  being  given  to  tlie  consideration  of  other 

types  of  roads  and  instruction  in  the  details  involved 

in  the  supervision  of  road  work. 
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Stiite  Trunk  Line  No.  tj 
in  Kilbourn,  Wisconsin. 
Maintained  u-ith  annual 
treatments  of  "  I'arvia-B" 
since  iqi6. 


Good  Roads  that  Grow  Better 


MOST  people  are  satisfied  when  the 
roads  stay  "as  good  as  new."  But 
not  so  the  Road  and  Bridge  Committee  of 
Columbia  County,  Wisconsin. 

They  build  good  roads  to  start  with  and 
then,  by  far-sighted  but  inexpensive  main- 
tenance with  "Tarvia-B, "  make  those  good 
roads  better  every  year. 

This  extract  from  their  letter  will  be  of 
interest  to  all  highway  officials: 

"Our  experience  in  successfully  maintaining 
our  macadam  roads  with  "Tarvia-B"  is  due  not 
only  to  the  excellence  of  your  product,  bur  also  to 
the  rule  we  follow  in  Columbia  County  of  surface 
treating  macadam  roads  in  good  condition  and 
giving  them  additional  treatments  of  Tarvia 
annually. 

"  During  the  past  couple  of  years,  we  have  used 


clean  limestone  screenings  %"  size  as  a  covenng 
after  applying  the  Tarvia.  We  believe  we  are 
adding  just  a  little  more  Tarvia  surface  each 
year  than  the  traffic  wears  off,  as  we  have  several 
macadam  roads  in  this  county  that  have  been 
annually  treated  with  "Tarvia-B"  for  the  past 
six  years  and  are  in  better  condition  at  the 
present  time  than  they  were  when  first  treated 
with  Tarvia." 

The  use  of  Tarvia  re-enforces  the  road  sur- 
face and  makes  it  waterproof,  frost-proof, 
mudless,  dustless  and  automobile-proof.  A 
road  maintained  with  Tarvia  pays  for  itvself 
over  and  over  again. 

Tarvia  is  a  coal-tar  preparation,  made  in  a 
number  of  grades  to  meet  construction,  main- 
tenance and  repair  problems. 

Illustrated  booklet  describing  the  variovs 
Tarvia  treatments  free  on  request. 
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Rppa/r  and  Maintenance 


GOOD  ROADS  SHOW 

Visit  our  booth  at  the  Coliseum, 
Chicago,  111.,  during;  the  Good 
Roads  Show  of  the  A.  R.  B.  A. 

January  16-20,  1922. 
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Survey  of  Road  Work  In  Illinois 


By    CLIFFOHD   OliDEIl* 


The  road  ])rogram  of  the  State  of  Illinois  embraces  ap 
proximately  5,000  mi.  (to  be  improved  by  the  state) 
out  of  a  total  road  mileage  of  about  96,000  mi.  exclusive 
of  the  streets  of  coi'poratc  cities  and  villages.  Of  these 
5,000  mi.  above  mentioned,  1,200  mi.  have  already  been 
completed — at  a  total  cost  of  about  $30,000,000. 

"While  many  of  the  contracts  for  this  work  were  awarded 
in  1919,  the  greater  part  of  the  actual  construction  was 
concentrated  in  the  years  1920  and  1921,  400  mi.  having 
been  built  in   1921.     During  the  past  few  months  eon 

•Chief  HJRhwa.N'  Kn^ineer  of  lllinoi.s. 


tracts  have  been  awarded  for  a  large  amount  of  addi- 
tional paving  work,  which,  together  with  uncompleted 
contracts  having  been  previously  awarded,  amounts  to 
about  550  mi.  of  paving  construction  carried  over  to  next 
season.  In  addition,  several  hundred  miles  of  heary 
grading  contracts  have  been  awarded  in  locations  where 
fills  must  be  allowed  to  settle  a  year  or  more  before 
paving  may  safely  be  constructed. 

The  completed  construction  work  above  outlined  has 
been  accomplished  without  the  expenditure  of  any  of 
the  funds  provided  by  the  sixty  million  dollar  bond  issue 
which  was  approved  by  the  people  of  this  state  in  Novem- 


SHERIDAN    BRIDGE    OVER    FOX    RIVER    NEAR    SHERIDAN    IN    LASALLE   COUNTY.     REINFORCED  CONCRETE 

ARCHES — FOUR    SPANS    AT    55    FT.     EACH. 
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ber.  1918.  The  funds  so  far  used  have  been  provided 
by  federal  aid  allotments  to  Illinois  which  have  been 
met  by  state  appropriations  made  from  motor  license 
fee  colleotions.  The  state  therefore  has  available  the 
entire  amount  of  the  bond  issue  and  will  in  addition. 
no  doubt,  have  available  considerable  sums  from  federal 
aid  appropriations,  which  may  be  met  by  motor  license 
fee  collections  without  jeopardizing  the  retirement  of  the 
bonds  which  must  also  be  made  from  the  same  source 

Org:anization 

The  highway  work  in  Illinois  is  carried  out  under  the 
general  direction  of  Governor  Len  Small  through  the 
Division  of  Highways  of  the  Department  of  Public 
Works  and  Buildings.  The  Division  of  Highways  is  but 
one  of  the  activities  of  this  department,  of  \shich  Cor 
nelius  R.  Miller  is  director.  The  Division  of  Highways 
is  under  the  direction  of  Frank  T.  Sheets,  State  Superin 
tendent  of  Highways,  and  Clifford  Older.  Chief  High 
way  Engineer. 

For  purposes  of  administration,  the  work  of  the  divi 
sion  is  divided  into  several  bureaus ;  namely,  the  Bureau 
of  Audits,  Bureau  of  Design  (which  is  further  divided 
into  the  road  oflBce  and  the  bridge  office  under  the  direc 
tion  of  a  road  engineer  and  a  bridge  engineer  respec 
tively),  the  Bureau  of  Construction;  Bureau  of  Mainte 
nanre.  Bureau  of  Tests,  and  Bureau  of  Machinery.  The 
functions  of  these  bureauB  are  briefly  as  follows:    The 
Bureau  of  Audits,  under  J.  M.  McCoy,  chief  clerk,  han 
dies  all  accounting  and  other  clerical  work;  the  Bureau 
of  Design,  under  H.  E.  Surman,  Engineer  of  Desigr 
(V.  L.  Glover,  Road  Engineer  and  George  F.  Burch, 
Bridge  Engineer)   handles  all  of  the  activities  of  the 
Division  of  Highways  relating  to  roads  and  bridges  from 
the  time  work  ks  instituted  until  contracts  are  awarded. 
This  includes  the  supervision  of  all  right  of  way  pur- 
chases and  records,  as  well  as  the  preparation  of  plans 
and  giving  consulting  advice  to  township  and  county 
officials  on  road  and  bridge  work.    The  road  office  and 
bridge  office  perform  these  functions  under  the  direction 
of  the  Engineer  of  Design ;  The  Bureau  of  Construction, 


under  B.  H.  Piepmeier,  Engineer  of  Construction,  has 
supervision  of  all  of  the  construction  activities  of  the 
Division  of  Highways  including  the  supervision  of  the 
construction  activities  carried  on  by  the  various  counties 
under  the  provisions  of  the  law  requiring  superTision 
of  such  work  by  the  state;  the  Bureau  of  Maintenance, 
under  Fred  Tarrant,  Maintenance  Engineer,  ia  charged 
with  the  duties  of  maintaining  all  of  the  roads  for  which 
the  state  is  responsible ;  the  Bureau  of  Tests  under  H.  F. 
Clemmer.  Testing  Engineer,  is  charged  with  the  duties 
of  the  inspection  of  the  construction  materials  entering 
into  road  and  bridge  work,  both  for  the  state  and  coun- 
ties and  townships  as  well ;  in  addition  this  bureau  car- 
ries out  the  investigational  and  research  work  of  the 
division;  the  Bureau  of  Machinery,  under  D.  B.  Cornell, 
Superintendent  of  Machinery,  is  charged  with  the  duties 
of  receiving,  storing,  maintaining  and  operating  all  sur- 
plus war  machinery  received  from  the  U.  S.  Government 
as  well  as  other  equipment  owned  bj'  the  Division  of 
Highways. 

For  the  purpose  of  handling  construction  and  mainte- 
nance work  in  detail,  the  state  has  been  divided  into 
nine  districts,  having  approximately  equal  area.s,  with  a 
district  engineer  in  charge  of  each  district.  The  district 
engineer  directs  all  of  the  activities  in  his  district  and 
reports  to  each  of  the  various  bureau  chiefs  in  accord- 
ance with  the  nature  of  the  work  involved. 

At  the  present  time  we  have  a  total  of  .lOO  employes 
in  the  division. 

Under  this  organization,  the  Division  of  Highways  has 
been  able  to  efficiently  administer  and  supei-vise  the  en- 
tire construction  program  at  a  cost  amounting  to  ap- 
proximately 4.35  per  cent  of  the  total  expenditures. 

Construction  Costs 
A  general  idea  of  the  downward  trend  of  road  con- 
struction costs  since  the  first  letting  this  year,  held  in 
Febnaary,  1921,  may  be  gained  from  the  fact  that  the 
price  of  pavement  at  that  time  averaged  $2.36  per  s(iuare 
yard  without  cement,  whereas  at  the  letting  held  on 
October  4,   1921,  the  price  per  square  yard   averaged 


SHOWING     GRADE    SEPARATION    UNDER    THE 
SANTA     PE    RAILROAD 


CO.MPLETED     PAVEMENT     ON     DIXIE     HIGHWAY 
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$1.70  without  cement.  The  average  cost  per  mile  for 
concrete  pavement,  including  cement,  waa  $39,120  on 
February  18;  and  on  October  4  this  was  reduced  to 
$28,540  per  mile.  Excavation  prices  have  been  reduced 
from  56  ct.  per  cubic  yai-d  average  price  on  February  18 
to  26  ct.  per  cuTjic  yard  average  price  on  October  4. 
Class  A  concrete  has  been  reduced  from  $26.29  per  cubic 
yard  on  February  18  to  $16.83  per  cubic  yard  on  Octo- 
ber 4.  A  comparison  of  these  same  lettings  shows  that 
reinforcing  steel  has  been  reduced  from  6.1  ct.  per  pound 
to  3.94  ct.  per  pound;  and  structural  steel  from  7.7  ct. 
per  pound  to  5.2  ct.  per  pound. 

Construction  Conditions  in  1921 
During  1921  the  efficiency  of  all  paving  construction 
outfits  increased  markedly  over  that  of  the  previous  few 
years.  No  difficulty  was  encountered  in  securing  the 
rapid  transportation  of  materials;  and  labor  efficiency 
increa.st'd  decidedly.  There  were  95  diffei-ent  paving 
contractors  operating  in  the  state  and  a  total  of  102 
paving  mixers  at  work.  In  addition,  there  were  49 
bridge  contractors  and  39  grading  contractors  operating. 
A  total  of  283  independent  paving,  grading  and  bridge 
sections  were  involved  in  this  work.  In  addition  to  the 
400  mi.  of  pavement  completed  during  the  past  season, 
3,000.000  cu.  yd.  of  earth  were  moved  and  approximately 
45  separate  bridges  built.  The  greatest  length  of  pave- 
ment laid  in  any  one  day  by  one  mixer  was  1,434  ft. 
The  greatest  week's  record  for  any  one  mixed  was  5,780 
ft. ;  and  the  best  week 's  record  for  all  the  contractors 
in  the  state  was  19.35  mi. 

The  plentiful  supply  of  labor  permitted  a  number  of 
contractors  to  work  double  shifts  and  it  is  gratifying  to 
know  that  night  work  was  satisfactory  both  from  the 
point  of  view  of  the  contractor  and  the  Division  of 
Highways. 

Maintenance 
The  Maintenance  Bureau  is  based  on  the  patrol  sys- 
tem. Patrolmen  are  established  as  rapidly  as  heavy  grad- 
ing and  paving  work  are  completed.  On  completed 
heavy  grading  work  patrol  sections  are  from  six  to  ten 
miles  long.    On  paved  roads  the  patrol  sections  average 


about  twenty  miles  in  length;  and  each  patrolman  on 
the  paved  sections  is  supplied  with  a  2-ton  truck  as  well 
as  small  tools.  Our  experience  indicates,  however,  that 
this  equipment  is  not  well  balanced  and  is  too  cumber- 
some for  this  class  of  maintenance  work.  In  all  prob- 
ability, paved  road  patrol  sections  will  be  reduced  in 
length,  and  the  patrolmen  will  be  equipped  with  very 
light  trucks  and  small  tools.  Maintenance  work  on  our 
paved  sections,  which  are  practically  all  constructed  of 
concrete  or  other  rigid  types,  consists  chiefly  of  keeping 
the  shoulders  up  to  grade,  cutting  weeds,  cleaning 
ditches,  filling  cracks,  etc.  Heavy  trucks  or  other  heavy 
equipment  are  not  therefore  much  needed.  The  Mainte- 
nance Bureau  is  charged  with  the  duty  of  erecting  and 
maintaining  traffic,  directory  and  warning  signs.'  The 
route  numbering  system  has  been  adopted  as  the  basis 
of  directory  signs.  In  addition  to  the  number  of  the 
route  at  each  cross  road  there  will  be  a  mile  number 
which,  by  reference  to  a  map  of  the  route,  will  indicate 
to  the  tourist  the  exact  location  of  each  cross  road.  Con- 
spicuous warning,  caution  and  danger  signs  are  being 
erected  at  all  curves,  cross  roads  and  other  places  where 
the  attention  of  the  general  public  should  be  called  to 
features  of  potential  danger.  The  system  of  warning 
signs  in  use  was  adopted  only  after  careful  study  and 
observation  of  a  stretch  of  60  mi.  of  road  along  which 
a  tentative  system  was  tried  out. 

Research  Work 

No  small  part  of  the  energy  of  the  engineering  depart- 
ment of  the  Division  of  Highways  has  been  devoted  to 
research  work;  the  object  being  not  only  the  improve- 
ment of  pavement  types  in  order  that  modern  traffic  may 
be  carried  at  the  lea.st  expense,  but  also  with  a  view  to 
determining  methods  which  may  be  adopted  to  reduce 
construction  and  maintenance  costs. 

Research  work  carried  out  in  connection  with  the 
Bates  Experimental  Road,  which  has  been  described  pre- 
viously in  GOOD  ROADS,  has  led  to  important  modifi- 
cations in  pavement  designs  used  by  the  Division  of 
Highways.  It  is  believed  that  the  results  of  these  scien- 
( Continued    on    page    22) 
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The  Thirteenth  National  Good  Roads  Show 

Directory  of  Exhibits  of  Road  Building  Machinery,  Materials  and  Methods 
in  the  Coliseum,  the  Greer  Annex  and  the  Wilson  Annex 


The  Thirteenth  National  Good  Roads  Show,  to  be 
held  uiulor  the  auspices  of  the  American  Koad  Buildois' 
Aaaociation  in  connection  with  that  organization's  nine- 
teenth annual  convention,  will  doubtlesM  ])rove  to  be  tiie 
greatest  exhibition  of  its  kind  ever  held  up  to  this  time. 
As  in  previous  years,  it  will  comprise  displays  of  roaii 
building  etiuipment  and  materials  in  almost  endless  va- 
riety, as  well  as  exhibits  depietinfj  iiiethotls  of  testiuft,  ol' 
construction  and  maintenance.  In  numbers,  also,  it  bids 
fair  to  surpass  all  previous  shows,  exhibiloi-s  having  been 
assigned  space  at  this  writing,  more  than  a  week  before 
the  opening  of  the  show. 

The  Coliseum,  which  served  so  adiiurably  for  last 
year's  exhibition,  will  be  utilized  next  week  and,  in  addi- 
tion, there  will  be  displays  in  the  gallery  of  the  Coliseum 
and  in  the  Greer  Annex  and  the  Wilson  Annex,  two 
•buildings  adjoining  thei  Coliseum  on  the  south. 

In  the  following  paragraphs  are  listed  tlie  exhibitor. 
with  the  numbera  of  their  exhibition  spaces  and  a  brief, 
partial  list  of  the  displays.  Numbered  plans  of  the  ex- 
hibition floors  are  shown  on  three  of  tlie  following  pages. 

While  this  directory  can  not  include  those  who  may 
be  assigned  space  or  whose  assignments  may  be  changed 
after  this  goes  to  press,  it  will  be  found  correct  for  the 
great  majority  of  the  exhibitors.  The  location  of  tho^c 
not  listed  here  can  be  obtained  by  application  to  the  in- 
formation bureau. 

Acme  Road  Machinery  Co.,  Frankfort.  N.  Y..  No.  228.  Photo- 
grapha  of  the  Acme  line  of  road  liuilding  equipment,  and 
literature. 

J.  D.  Adams  ft  Co.,  Indianapolis.  Ind.,  No.  78.  Gallery.  Motion 
pictures  showing  Adams  adjustable  leaning  wheel  graders  and 
maintenance  machines. 

American  Casting  Co.,  Birmingham,  Ala..  Nos.  269  and  270. 
National  lock-Joint  cast-iron  culvert  pipe  of  various  diam- 
eters. 

American  Gas  Accumulator  Co..  Elizabeth,  N.  J.,  No.  1,  Gal- 
lery.    Highway  warning  lights  and  literature. 

.\merican  Highway  Educational  Bureau,  Washington,  D.  C. 
No.  4,  Gallery.     Literature. 

American  Refractories  Co..  Pittsburgh.  Pa.,  No.  10,  Gallery. 
Road  and  pavement  aggregates. 

American  Steel  and  Wire  Co..  Chicago.  111.,  No.  6,  Gallery. 
Triangle  mesh  concrete  reinforcement  for  highways  and  all 
forms  of  concrete  construction. 

American  Tar  Pnxlucts  Co..  Chicago,  111..  No.  83,  Gallery. 
Photographs  and  littrature. 

American  Wood  Preservers',  Service  Bureau.  Chicago,  111.. 
No.  5.  Gallery.     Models,  samples,  photographs  and  literature. 

Anthony  Company,  Inc.,  Strealor.  111.,  No.  68.  Gallery.  Auto- 
matic ro<  ker  dumping  body  for  Ford  truck,  with  open  seat. 

The  Asphalt  Association.  New  York,  N.  Y.,  Nos.  26  and  27. 
Hoad  motlels,  pavement  cross-sections,  samples  of  materials, 
diagrams  and  literature.    Motion  pictures. 

Asphalt  Paving  Retreading  Co.,  Chicago.  111.,  Nos.  4.  5  an4  6, 
Greer  Annex.     Literature. 

Atterbury  Motor  Car  Co.,  Buffalo,  N.  Y.,  Nos.  161,  162,  181 
and  182.    Twn  tors'  special  trucks. 

The  Austin  \'  winery  Co.,  Chicago,  lU.,  Nos. 

40-4<  and  64-70.  one  I'l-um  y»ii»tiii  motor  roller,  with  attached 
scarifier;  one  Austin  twin-cylinder  motor  roller;  one  Austin 
steam  roller;  one  Austin  block  scarifier;  one  Austin  motor 
sweeper:    one   Austin    "Rip   Snorter";    one   Western   No.    20 


grader;  one  Little  Western  grader:  one  Western  Auroral 
crusher.  No.  2;  one  Western  wheeler;  one  Western  No.  7 
plow:  one  Western  locomotive  plow;  one  Western  Fresno 
scraper;  one  Western  drag  scraper:  one  Western  nitcher  anil 
back  sloper;  Austin  culverts. 

The  Autocar  Co.,  Ardmore,  Pa.,  Nos.  115  to  118  and  139  to 
142.  One  Autocar  chassis  with  low  side  rotary  dump  Irody; 
one  chassis  with  2i/,-yd.  rotary  dump  l)ody:  one  chassis  with 
combination  rotary  dump  body. 

The  Avery  Company.  Peoria,  Hi.,  No.  9  Wilson  Annex.  Avery 
one-man  "Road-Razer,"  with  scarifier  attachment. 

Baldwin  Chain  &  Mtg.  Co.,  Worcester,  Mass.,  No.  262. 
Sprockets  and  roller  chains:  malleable  chains;  malleable  cast- 
ings. 

Ball  Engine  Co.,  Erie.  Pa.,  No.  49,  Gallery.  Models  of  en- 
gines and  literature. 

The  Barber  Asphalt  Paving  Co..  Philadelphia.  Pa.,  Nos.  159, 
160,  179  and  180.  Iroquois  macadam  roller  and  other  road 
building  machinery:  Trinidad  and  Bermudez  asphalt. 

The  Barber-Greene  Co.,  Aurora.  111.,  Nos.  192  and  193.  Self- 
feeding  bucket  loader:   motion  pictures. 

Barnes  Manufacturing  Co.,  Mansfield,  O..  No.  282  and  283. 
Portable  power  pumps  and  literature. 

The  Barrett  Co.,  New  York.  N.  Y.,  Nos.  229  and  230.  Samples 
of  Tar  via:  model  of  Tarvia  distributor;  lantern  slides,  photo- 
graphs and  moving  pictures. 

Beach  Mfg.  Co.,  Charlotte,  Mich.,  No.  227.  Hoisting  engine: 
bottomless  bucket  in  operation  with  dragline;  "Ever  Clean" 
gravel  screen  in  operation. 

Blaw-Knox  Co.,  Pittsburgh,  Pa.,  Nos.  106.  107,  108,  130.  131 
and  132.  Road,  sidewalk,  and  curb  and  gutter  forms  and  ac- 
cessories: truck  turntable;  storage  bin  and  l)atcher;  buckets; 
truck  body;   sectional  steel  building. 

Brown  Moisting  Machine  Co.,  (Meveland,  Ohio.  Nos.  7.  8,  23, 
24  &  25.  Brownhoist  No.  2  locomotive  crane  with  attachments 
for  road  work. 

The  Buda  Co..  Harvey,  111.,  No.  98  Gallery.  Models  and  litera- 
ture. 

The  Burch  Plow  Works  Co.,  Ashland,  Co.,  No.  89,  Gallery. 
Plows  and  literature. 

The  Byers  Machine  Co.,  Ravenna,  Ohio,  Nos.  247  to  253.  One 
revolving  crane  one   Model  4   auto  crane. 

Cabell  Petroleum  Co.,  St.  Louis,  Mo.,  No.  109.  Samples  of 
road  oil  and  literature. 

Garble  Manufacturing  Co.,  Chicago,  III.,  No.  40,  Gallery. 
Carbic  acetylene  lights  and  carbic  cakes. 

The  I'hilip  Carey  Co.,  Cincinnati,  O.,  No.  176.  Samples, 
literature  and  models. 

Chain  Belt  Co.,  Milwaukee,  Wis.,  Nos.  123  to  126  and  147  to 
150.     Rex  21E  paver;  Rex  28S  building  mixer. 

Clark  Tructractor  Co.,  Buchanan,  Mich.,  Nos.  173  and  174. 
Clark  tructractor. 

Clay  Products  Association,  Chicago.  111.,  No.  34,  Gallery. 
Literature. 

Climax  Engineering  Co.,  Clinton,  la..  No.  64,  Gallery.  Climax 
engines  and   literature. 

C^olumbian  Steel  Tank  Co.,  Kansas  City,  Mo.,  No.  281.  Models 
and  literature. 

Concrete  Steel  Co..  New  York  City,  Nos.  212A  and  213fl. 
(These  spaces  not  shown  on  chart.)  Samples  of  reinforcing 
steel  and  literature. 

The  F.  O.  Cummer  &  Son  Co.,  Cleveland,  Ohio.  No.  27. 
Catalogs  and  literature. 

Domestic  Engine  &  Pump  Co.,  Shippensbnrg,  Pa.,  Nos.  214 
and  215.  Portable  force  pumping  engines  for  road  work : 
Domestic  trench  force  pumper. 

Dunn  Road   Machinery  Co.,  Conneaut,  Ohio,  Nos.  57,  68,  81 
and  82.     Automatic  template  tamping  and   finishing  machine. 
Dunn    Wire-Cut   Lug    Brick    Co.,    Conneaut,    Ohio,    Nos.    57. 
58,  81  and  82.     Wire-cut  lug  paving  brick. 

Earth  Concrete  Co.,  Grand  Rapids,  Mich.,  No.  216.  Samples 
of  earth  concrete  and  "claycrete"  from  roads;  samples  of 
"earthcrete";    photographs. 

The  East  Iron  &  Machine  Co.,  Lima,  Ohio,  No.  2:U.  Model  of 
Merriman  asphalt  plant;   photographs;   literature. 

Easton  Car  &  Construction  Co.,  Easton,  Pa.,  No.  74,  Gallery. 
Road  l)uilders'  2  and  3-box  batch  cars:   t)atch  boxes;   portable 
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track:  gravity  end-dump  truck  bodies;  models:   photographs. 

Rtectrical  &  Specialty  Supply  Co.,  Chicago.  III.,  No.  21:^. 
Mushroom  traffic  lights  mushroom  zone  mar)<ers:  photographs. 

Electric  Wheel  Co.,  Quincy.  111..  No.  35,  Gallery.  Models  and 
literature. 

"Engineering  and  Contracting,"  Chicago.  HI.,  No.* 200.  Copies 
of  publication. 

"Engint>ering  News-Record,"  New  York  City,  No.  203.  Copies 
of  publication. 

The  Erie  Steel  Construction  Co.,  Brie,  Pa.,  No.  69,  Gallery. 
Working  model,  photographs  and  blueprints  of  the  Brie  Aggre- 
Meter  plant. 

Bquipnient  Corporation  of  America,  Chicago,  111.,  Nos.  271, 
Hi  and  2S3.  Concrete  mixers  for  road,  bridge  and  culvert 
work:  steam  hoisting  engine:  steam  road  roller;  clamshell 
bucket:  gasoline  hoist:   pump. 

The  Fate-Root-H«>ath  Co.,  Plymouth,  Ohio,  Nos.  5,  6,  20  and 
21.    Two  gasoline  industrial  locomotives. 

The  Four  Wheel  Drive  Auto  Co..  Clmtonville,  Wis.,  Nos.  114 
and  138.    Truck  and  body  truck  units. 

The  Gallon  Iron  Works  &  Mfg.  Co..  Galion,  Ohio,  Nos.  3,  4. 
ly.  SO.  235  and  236.  Motor  road  roller;  Giant  Premier  road 
grader;  Universal  stone  and  gravel  spreader;  moving  pictures. 

General  Motors  Truck  Co.,  Pontiac,  Mich.,  Nos.  5  and  6, 
Wilson  Annex.  One  2}4-ton  GMC  motor  truck  chassis  with 
dump  body;  one  GMC  unit  power  plant. 

"Good  Roads,"  New  York  City,  No.  196.  Copies  of  publica- 
tion. 

The  Good  Roads  Machinery  Co.,  Kennett  Square,  Pa.,  Nos 
16  and  17,  Wilson  Annex.  Winner  highway  patrol  grader; 
Killefer  scariHer;  Winner  road  drag;  corrugated  metal  culvert 
pipe. 

L.  P.  Green.  Chicago.  111.,  Nos.  274  and  275.  Power  drag 
scrapers;  models. 

Frederic  Greer.  Chicago,  111.,  No.  287.  Two-wheeled  3-toii 
trailers. 

W.  &  L.  E.  Gurley,  Troy.  N.  Y.,  No.  62,  Gallery.  Engineer- 
ing and  surveying  instruments;  hydraulic  engineering  instru- 
ments. 

The  HadBeld-Penfield  Steel  Co..  Bucyrus,  Ohio,  Nos.  232,  233 
and  234  and  13  and  14.  Wilson  Annex.  American  gasoline  loco- 
motives: tractors. 

Handy  Sack  Baler  Co.,  Cedar  Rapids.  la..  No.  41,  Gallery. 
Model  of  empty  cement  sack  baler  and  literature. 

The  Hastings  Pavement  Co.,  New  York  City,  No.  97,  Gallery. 
Samples  of  asphalt  paving  blocks  and  literature. 

The  Hell  Co..  Milwaukee,  Wis.,  Nos.  211  and  212.  Minia- 
ture truck  equipped  with  Hell  hoist  and  dump  body;  gravity 
bodies;  welded  tanks. 

The  Heltzel  Steel  Form  &  Iron  Co.,  Warren,  Ohio,  No.  75, 
Gallery.  Steel  road,  sidewalk,  curb,  and  curb  and  gutter 
forms;  hand  tamping  machine. 

Hetherington  &  Berner,  Inc..  Indianapolis,  Ind.,  No.  204. 
Photographs  and  literature. 

"Highway  Engineer  and  Contractor,"  Chicago,  III.,  No.  205A. 
(Space  not  shown  on  charts  Copies  of  publication. 

The  Highway  Trailer  Co.,  Edgerton,  Wis.,  Nos.  52  and  53, 
GaTlery.     Bodies  and  hoists. 

The  Holt  Manufacturing  Co.,  Peoria,  HI.,  Nos.  47-56  and  71- 
80.  Three  5-ton  Caterpillar  tractors';  three  10-ton  Caterpillar 
tractors:  Caterpillar  "bulldozer"  attachment;  Caterpillar  snow- 
plow;  Caterpillar  winch  attachment. 

Hough  .Mechanical  Hoist  Co.,  Chicago,  111.,  Nos.  65  and  66, 
Gallery.     Model  of  hoist  and  literature'. 

The  Hug  Co..  Highland,  111.,  Nos.  1,  2  and  3,  Wilson  Annex. 
Hag  special  speed  truck  and  literature. 

Chas.  Hvass  &  Co..  Inc.,  New  York,  N.  Y.,  Nos.  110  to  113 
and  133  to  137.  Portable  asphalt  plant;  bitumen  distributors; 
trailer  sweeper;  spreader;  heating  kettles;  scarifier; 
sprinkler:  automobile  flusher  push  brooms. 

Hyatt  Roller  Bearing  Co.,  New  York,  N.  Y.,  No.  55,  Gallery. 
Samples  of  various  types  and  sizes  of  Hyatt  bearings  and 
aescriptive  literature  and  photographs  showing  installations  of 
road  building  and  contractors'  equipment  in  which  Hyatt 
bearings  are  employed. 

Indiana  Truck  Corporation,  Marion,  Ind.,  No.  19,  Wilson  An- 
nex.   Motor  truck  and  literature. 

Industrial  Works.  Bay  City,  Mich.,  No.  33,  Gallery.  Model 
of  tractor  crane  and  literature. 

International  Motor  Co.,  New  York,  N.  Y.,  Nos.  87,  88  and 
89.  One  Mack-Cressy  road  sprayer;  one  2-ton  AB  Mack  road 
building  truck;  one  2-ton  AB  Mack  road  building  truck  (short- 
er wbeelbaae). 

International  Steel  Tie  Co.,  Cleveland,  O.,  No.  9,  Gallery. 
Samples  and  literature. 

Jennings  Automatic  Dump  Body,  Inc.,  Roanoke,  Va.,  No.  226. 
Hodels  of  motor  truck  dump  bodies. 


The  Jennison-Wright  Co.,  Toledo,  O.,  No.  7.  Gallery.  Samples 
of  wood  paving  blocks  and  literature. 

The  .1.  T.  Tractor  Co.,  Cleveland,  Ohio,  No.  259.    Tractor. 

Kentucky  Rock  Asphalt  Co.,  Louisville,  Ky.,  No.  63,  Gallery. 
Samples  of  rook  asphalt  and  literature. 

Keuffel  &  Esser  Co.,  New  York,  N.  Y..  No.  42,  Gallery.  Sur- 
veying, drawing  and  mathematical  instruments. 

Keystone  Driller  Co..  Beaver  Falls,  Pa.,  Nos.  254  to  258. 
Model  No.  4  Keystone  traction  steam  shovel,  with  skimmer 
and  ditcher  scoops. 

Kinney  Mfg.  Co.,  Boston.  Mass.,  No.  67,  Gallery.  Kinney 
heater  and  distributor  and  Kinney  pumps. 

Kissel  Motor  Car  Co.,  Hartford,  Wis.,  Nos.  90,  91  and  92. 
Special  road  builders'  truck;  Quartersize  working  models  of 
special  road  truck,  turntable,  gravel  and  sand  loading  hopper 
and  measuring  boxes,  cement  hopper  with  measuring  box. 

Koehring  Co..  Milwaukee,  Wis.,  Nos.  93  to  102.  One  15- 
ton  crane-excavator;  one  21-E  paving  mixer;  one  7-B  paving 
mixer;  one  107-S  Oandie  mixer. 

Koppel  Industrial  Car  &  Equipment  Co.,  Chicago,  111.,  No.  3 
Greer  Annex.  Road  builders'  track  and  car  equipment,  and 
batch  boxes. 

The  Lakewood  Engineering  Co.,  Cleveland,  Ohio,  Nos.  11 
to  16  and  29  to  34.  Paving  mixer:  road  finisher;  subgrader; 
narrow  gauge  track;  batch  box  cars;  batch  boxes;  gasoline 
locomotive;   road  forms;   grout  mixer;   clamshell  bucket. 

Lee  Trailer  &  Body  Co.,  Chicago,  111.,  Nos.  165  to  168. 
Motor  truck  dumping  bodies;   motor  truck  trailers. 

Le  Roi  company,  Milwaukee,  Wis.,  Nos.  177  and  178.  En- 
gines and  power  units. 

The  F.  J.  Lewis  Manufacturing  Co..  Chicago,  III.,  No.  284. 
Samples  of  coal  tar  paving  materials  and  of  pavements  built 
of  them;   literature. 

Littleford  Bros.,  Cincinnati,  Ohio.  Nos.  38,  39,  62  and  63. 
Andresen  road  repair  outfit;  Littleford  portable  tar  asphalt 
heaters,  maintenance  heaters,  pouring  pots  and  paving  tools. 

The  Locomotive  Crane  Co.  of  America.  Champaign,  111.,  Nos. 
244,  245  and  246.  Little  Giant  road  crane  equipped  with  Elsee- 
co  endless  tread  and  Blseeco  grab. 

"Manufacturers  Record,"  Baltimore,  Md.,  No.  209A,  (Space 
not  shown  on  chart.)     Sopies  of  publication. 

The  Maxon  Co.,  Milwaukee.,  Wis.,  Nos.  169,  170,  189  and 
190.     Concrete  road  finishing  machine. 

Metal  Forms  Corporation,  Milwaukee,  Wis.,  No.  118.  Road 
rails  and  culvert  forms. 

Milwaukee  ijocomotive  Mfg.  Co.;  Milwaukee,  Wis.,  Nos. 
152  to  154.     Road  building  gasoline  locomotive. 

Monarch  Tractors,  Inc.,  Watertown,  Wis.,  Nos.  263,  264  and 
265.     Tractors  and  snow  plow. 

Morand  Cushion  Wheel  Co.,  Chicago,  111..  No.  99,  Gallery. 
Literature. 

National  Paving  brick  Manufacturers'  Association,  Cleve- 
land, O.,  Nos.  207  and  208.  Samples  of  paving  bricks  and 
literature. 

National  Steel  Fabric  Co.,  Pittsburgh,  Pa.,  No.  11,  Gallery. 
Steel  fabric  reinforcing  material. 

Northwest  Engineering  Co.,  Green  Bay,  Wis.,  No.  238.  North- 
west crawler  crane;   motion  pictures. 

Novo  Engine  Co.,  Lansing,  Mich.,  Nos.  156,  157  and  158. 
Gasoline  engine;  gasoline  engine  driven  hoist  equipment; 
gasoline  engine  driven  pumping  outfit;  gasoline  engine  driven 
portable  compressor  outfit. 

Oliver  Chilled  Plow  Works,  South  Bend,  Ind.,  No.  23,  Wilson 
Annex.     Contractors'  plows  and  literature. 

The  Osgood  Company,  Marion.  Ohio,  Nos.  279  and  280. 
Photographs  and  literature. 

Oshkosh  Manufacturing  Co.,  Oshkosh,  Wis.,  Nos.  1,  2,  17 
and  18.     One  14E  Oshkosh  paver. 

Parker  Motor  Truck  Co.,  Milwaukee,  Wis.,  Nos.  194  and 
195.  One  3^-ton  truck. 

Pawling  &  Harnischfeger  Co.,  Milwaukee,  Wis.,  Nos.  143  to 
146.  A  No.  206  Corduroy  gas  engine  driven  shovel  with  skim- 
mer boom  attachment;   contractors'  hoist;   photographs. 

Pioneer  Asphalt  Co.,  Lawrencevllle,  111.,  No.  198.  Samples 
of  expansion  joint  and  asphalt  filler  for  brick  pavements; 
literature. 

"Pit  and  Quarry,"  Chicago,  III.,  No.  8,  Gallery.  Copies  of 
publication. 

Portland  Cement  Association,  Chicago,  111.,  No.  86.  Photo- 
graphs;   charts;    literature. 

"Public  Works,"  New  York  City,  No.  201.  Copies  of  publi- 
cation. 

Ran  some  Concrete  Machinery  Co.,  Dunellen,  N.  J.,  Nos.  239 
to  243.  One  21-E  paving  mixer,  on  Marion  crawlfng  traction; 
one  7-S  Standard  building  mixer. 

Reo  Motor  Car  Co.,  Lansing,  Mich.,  Nos.  161,  181,  184  and 
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18C.  One  "carryaU"  truck;  one  speed  wagon  with  dump  body 
and  road  floater. 

Republic  Truck  Sales  Corporation,  Alma,  Mich.,  Nos.  35  to 
37  and  S9  to  61.  One  "rapid  transit"  truck;  one  "road 
builder"  truck:  one  "good  roads  maintenance"  truck;  one 
"contractor"  truck. 

Sauerman  Bros..  Chicago.  111.,  Nos.  117  to  122.  Working 
models  of  cableway  excavators  and  bottomless  power  scrap- 
ers: accessories  for  cableway  and  scraper  systems. 

The  G.  A.  Schacht  Motor  Truck  Co.,  Cincinnati,  Ohio.  Nos. 
151  and  171.    A  4-ton  speed  truck  with  dump  body. 

Chris  D.  Schramm  &  Son.  Inc.,  West  Chester.  Pa.,  Nos.  276 
and  277.  Two  portable,  engine  driven  air  compressor  outfits 
with  rock  drilling  equipment;  one  portable,  engine  driven 
road  pump. 

The  Selberl-Milburn  Co.,  Columbus,  Ohio,  No.  261.  Lee 
concrete  road  finisher;  Owen  clamshell  bucket. 

The  T.  L.  Smith  Co..  Milwaukee,  Wis..  No.  8.  Paving  mixer; 
concrete  mixer. 

SUndard  Oil  Co.  (Indiana),  Chicago.  111.,  Nos.  9,  10  and  28. 
Mechanical  oil  farm;  samples  of  asphalt  and  road  oil;  photo- 
graphs;  literature. 

Stoughton  Wagon  Co.,  Stoughton.  Wis.,  Nos.  7  and  8,  Wilson 
Annex.  One  Model  F.  3-ton  truck  with  dumping  equipment; 
one  Model  D  2-ton  dump  truck. 

Stroud  &  Co.,  Omaha,  Neb..  No.  260.     Road  maintainer. 

The  Texas  Company  (Asphalt  Sales  Department),  New  York, 
N.  Y..  Nos.  209  and  210.  Samples  of  asphalt  and  road  oils; 
literature. 

The  Thew  Shovel  Company,  Lorain,  Ohio,  No.  286.  Photo- 
graphs and   literature. 

Thompson  Bros.  Co.,  Chicago,  111.,  No.  3,  Gallery.  Litera- 
ture. 

Titan  Truck  Co.,  Milwaukee.  Wis..  Nos..  186,  187  and  188. 
Special  subgrade  truck. 

Truscon  Steel  Co.,  Youngstown,  O.,  Nos.  205  and  206. 
Samples  of  road  reinforcing  and  literature. 

The  W.  S.  Tyler  Co.,  Cleveland.  Ohio,  Nos.  223  to  225.  A 
"hum-mer"  electric  screen;  Tyler  screen  scale  testing  sieves; 
"ro-tap"  testing  sieve  shaker;  woven  wire  screens. 

Van  Dorn  Iron  Works.  Cleveland,  O.,  No.  56,  Gallery. 
Samples  and   literature. 

Waukesha  Motor  Co.,  Waukesha,  Wis..  No.  185.  One  indus- 
trial unit;  one  sectional  motor  (cut  away). 

Western  Wheeled  Scraper  Co.,  Aurora,  III.,  Nos.  155  and  175. 
Road  builders'  car  and  batch  boxes;  photographs. 

The  Geo.  D.  Whitcomb  Co..  Rochelle,  111.,  No.  7,  Greer  An- 
nex. One  6-ton  gasoline  locomotive;  skeleton  of  transmission; 
parts  of  locomotive. 

The  White  Company.  Cleveland,  Ohio.  Nos.  83  to  85.  A  2- 
ton  power  dumping  truck:  pressure  distributor;  models: 
posters. 

Wlard  Plow  Co.,  Batavia,  N.  Y.,  No.  172.     Road  plows. 

Wisconsin  Motor  Mfg.  Co.,  Milwaukee.  Wis.,  Nos.  266  and 
267.     Gasoline  engines. 

Wood  Hydraulic  Hoist  &  Body  Co.,  Detroit,  Mich.,  Nos.  103 
to  105  and  127  to  129.     Hoists  and  dump  bodies. 

The  Wyoming  Shovel  Works,  Wyoming,  Pa..  No.  43,  Gallery. 
Red  Edge  shovels,  scoops  and  picks.' 


GRADE  CROSSINGS  ON  FEDERAL 

AID  ROADS  TO  BE  ELIMINATED 

Grade  croBHiiiKiB  will  be  eliminated  wherever  poasible 
on  the  roads  of  the  federal  aid  highway  system,  which 
will  be  built  as  a  result  of  the  passage  of  the  Federal 
Highway  Act.  When  the  roads  which  form  the  primary 
or  interstate  system  are  constructed,  no  grade  crossing 
will  be  allowed  to  remain  that  it  is  at  all  practicable  to 
avoid.  Every  effort  will  be  made  to  make  the  roads  of 
the  secondary  system  equally  safe,  but  in  this  case  it  is 
recognized  that  elimination  may  not  be  practicable  in  all 
cases  at  this  time. 

In  making  fhi.s  announciMiu'iit  the  Bureau  of  Public 
Roads,  under  whose  supervision  the  fund  is  allotted  and 
con.struction  is  undertaken,  is  putting  into  effect  a  policy 
which  it  has  long  advocated  in  principle,  and  whose 
adoption  it  has  urged  with  increasing  effecti^'eness  upon 


state  highway  officials  for  some  time  past.  The  policy  is 
meeting  with  hearty  cooperation  on  the  part  of  the  states, 
and  the  American  Association  of  State  Highway  Officials 
by  resolution  has  j)lodged  its  best  efforts  to  cooperate  to 
eliminate  grade  crossings  on  new  construction. 

In  addition,  the  policy  finds  favor  among  the  rail- 
roads, some  of  the  leading  carriers  already  liaving  lent 
cheerful  aid  in  avoiding  the  construction  of  more  grade 
crossings. 

Instead  of  grade  crossings  there  will  l)o  constructed, 
wherever  poasible,  in  the  future  either  a  bridge  or  an 
underpass  where  roadway  and  railway  intersect.  Iiii- 
jjortant  roads,  which  now  cross  and  reei'oss  railioad  lines 
at  grades  hereafter  will  be  located  entirely  on  one  side 
of  the  railroad,  even  though  to  do  iso  may  increase  the 
cost  of  construction.  State  officials,  realizing  the  need 
of  eliminating  grade  crossings,  have  stated  tlieir  desire 
to  cooperate  with  the  department  in  carrying  out  this 
plan. 

Where  crossings  are  unavoidable,  or  where  local  in- 
terests justify  construction  of  highways  to  cross  railroad 
lines,  the  road  will  be  so  located  as  to  pass  over  the  track 
or  under  it.  In  most  instances  of  this  sort  the  railroads 
bear  one-half  of  the  cost  of  building  the  bridge  or  under- 
pass. 

The  prime  object  of  the  department's  policy  to  elimi- 
nate grade  crossings  on  federal  aid  roads  is  the  saving 
of  human  lives.  This  policy  probably  will  involve  in- 
creased expense  of  construction  in  the  case  of  some  roads, 
■  but  it  is  believed  this  is  justified  by  the  saving  of  life. 
During  the  three  years  ending  with  1920,  according  to 
the  best  records  available  to  the  department,  3,636  lives 
were  lost  at  grade  crossings  in  the  United  States  and 
10,644  persons  were  injured. 


NEW  JERSEY  SNOW  REMOVAL  PLANS 
The  New  Jersey  State  Highway  Commission  has  made 
elaborate  plans  for  keeping  the  primary  state  roads  clear 
of  snow  and  the  secondary  routes  open  for  travel  during 
the  winter.  Contractors  will  operate  on  the  former,  using 
motor  equipment,  and  the  state's  maintenance  forces  will 
take  care  of  the  less  iiiii)ortant  routes. 

The  state  roads  in  the  primary  system,  so-called,  com- 
prise about  400  mi.  They  have  been  divided  into  31  sec- 
tions which  have  been  a.sSigned  to  various  contractors. 
Motoi*  trucks  received  by  the  state  from  the  Government 
have,  been  equipped  with  snowplows  and  disti-ibuted  to 
these  sections.  Upon  the  a[)proach  of  a  severe  snow 
storm,  the  Trenton  office  of  the  Weather  Bureau  will 
telephone  to  the  various  contractors.  The  contractors 
will  then  assemble  their  forces  and  begin  work  as  soon 
as  the  snow  is  deej)  enough  to  warrant  it.  By  this  moans 
it  is  hoped  to  keep  the  snow  from  accumulating  on  the 
roads. 

The  rest  of  the  state  roads,  about  300  mi.,  will  be  kept 
open  by  the  maintenance  division  of  the  State  Highway 
Department  with  the  equipment  used  in  their  regular 
maintenance  work. 
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Traffic  and  Transportation 


Your  Committee  on  Traffic  and  Transportation  here- 
with respectfully  submits  its  1921  report. 

Investigations  conducted  during  1921  influence  the 
committee  to  strongly  urge  the  general  adoption,  b\ 
municipal  goverumenta,  of  the  recommendations  em- 
bodied in  its  1920  report  relative  to  the  following  sub- 
jects: 

Use  of  "dummy  cops"  at  street  intersections. 

InrtaUation  of  "rotarj'  traffic"  at  street  intersections 
wherever  practicable. 

Design  and  construction  of  long-radius  curb  corners. 

Economic  design  of  street  widths  on  through  thorough- 
fares in  small  towns  and  cities. 

Utilization  of  pass  liighways  for  towns  and  cities 
located  on  important  national,  state,  and  country  trunk 
highways. 

Consideration  of  the  installation  of  motor  bus  routes 
in  municipalities,  when  an  extension  of  the  public  pas- 
senger transportation  sj'stem  is  required,  in  view  of  the 
resulting  advantages  of  such  installations  from  the  stand- 
points of  maintaining  the  maximum  practicable  traffic 
capacity  of  streets  and  of  avoiding  the  use  of  car  tracks 
in  roadways. 

Based  on  a  careful  analysis  of  public  passenger  trans- 
portation, your  committee  considers  that  it  is  highly  de- 
sirable, from  the  standpoints  of  economic  public  service 
transportation  and  the  efficient  use  of  municipal  streets 
by  traffic,  that  the  society  should  strongly  condemn  the 
development  of  "wild  cat"  so-called  "jitney"  service. 
Not  only  is  the  installation  of  such  service  undesirable 
from  the  standpoint  of  the  overcrowding  of  streets  with 
five-passenger  public  transportation  vehicles  but  it  is 
obviously  unfair  to  public  service  corporations,  operat- 
ing under  franchises,  to  be  forced  to  compete  with  a 
"jitney"  service  which  almost  universally  is  operating 
on  an  uneconomic  basis.  The  present  overcrowding  of 
some  of  the  principal  thoroughfares  of  the  city  of  De- 
troit with  hundreds  of  five-passenger  "jitneys"  fur- 
nishes a  striking  example  of  this  type  of  public  service 
transportation  development. 

Your  committee  recommends  that  a  highway  trans- 
port division  should  be  installed  in  engineering  or  high- 
way departments  of  municipalities  having  a  population 
of  over  100,000.  The  duties  of  this  division  would  be 
to  deal  with  all  matters  pertaining  to  traffic  and  trans- 
portation  which  affect  the  economic  design  and  main- 
tenance of  streets  and  their  efficient  use  by  pedestrians 
and  all  daases  of  vehicles. 


•Report  of  the  Committee  on  Traffic  and  Transportation 
of  the  American  Society  for  Municipal  Improvements,  sub- 
mitted at  the  27th  annual  convention  of  the  Society  Balti- 
more, Md.,  Oct.   2S-28,  1921. 

Committee:    Arthur  H.  Blanchard,  Chairman;  Robert  Hoff- 
man, Charles  O.  Boyd. 


One  of  the  important  functions  of  such  a  division 
would  be  to  make  highway  transport  surveys  as  pre- 
liminary to  the  design  and  redesign  of  streets,  the  de- 
termination of  efficient  methods  of  maintenance  and  the 
formulation  of  recommendations  pertaining  to  efficient 
traffic  regulations. 

A  highway  transport  survey  embodies  all  investiga- 
tions in  the  field  and  office  which  are  necessary  to  de- 
termine the  probable  amount,  character  and  effects  of 
the  future  traffic  which  will  use  a  given  highway  during 
the  lives  of  its  several  component  parts.  Such  a  survey 
for  a  given  street  may  cover  a  consideration  of  all  the 
following  factors:  First,  all  highway  elements  which 
affect  economic  highway  transport;  second,  legislation 
relative  to  franchises  and  rates,  weights,  dimensions  and 
speeds  of  passenger  cars,  trucks,  tractors  and  trailers; 
third,  state  and  urban  traffic  regulations;  fourth, 
vehicular  and  population  statistics;  fifth,  traffic  censuses 
of  motor  and  horse-drawn  vehicles  and  cars  operating 
on  tracks;  sixth,  vehicular  operation  as  affecting  road- 
ways and  other  parts  of  highways ;  seventh,  present  and 
future  traffic  and  commercial  transport  developments  in 
.such  fields  as  agricultural  and  dairy  farming,  mines, 
quarries,  gravel  and  sand  pits,  oil  fields,  lumber  tracts, 
fisheries,  plants,  factories,  wholesale  and  retail  stores, 
parks  and  parkways,  summer  and  amusement  resorts,  and 
real  estate  improvements,  which  affect  or  will  affect  the 
traffic  on  the  street  under  coniSideration ;  eighth,  com- 
mon eari'iers  such  as  steam  and  electric  railroads  and 
waterway  transportation  companies  and  their  relation- 
ship to  street  traffic;  and  ninth,  the  characteristics  of 
the  methods  of  highway  transport  such  as  street  car 
rural,  interurban  and  urban  motor-bus  operation,  mu- 
nicipal haulage,  long  and  short  general  rural  haulage, 
rural  motor  express,  intercity  haulage,  intercity  express, 
and  horse  transport. 

Men  assigned  to  a  highway  transport  division  should 
be  experienced  highway  engineers  who  have  or  are 
rapidly  acquiring  a  knowledge  of  the  following  subjects : 
City  planning ;  highway  transport  economics,  legislation, 
surveys  and  methods;  highway  transport  management, 
including  delivery  sytstems,  scheduling  and  routing; 
traffic  regulations;  interrelationship  of  highway,  rail- 
way and  waterway  transport ;  port,  terminal  and  ware- 
house facilities ;  and  the  fundamentals  of  the  mechanism 
and  operation  of  automobiles,  motor  trucks,  tractors  and 
t.-a^lers. 

Your  committee  has  confined  this  report  to  two  topics, 
namely,  "jitney"  transportation  service  and  highway 
transport  divisions  of  engineering  or  highway  depart- 
ments, as  it  is  hoped  that  this  concentration  will  en- 
courage members  of  the  Society  to  thoroughly  discuss 
these  important  subjects  during  a  meeting  of  the  1921 
convention. 
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THE  CONVENTION  AT  CHICAGO 

The  plans  for  the  convention  of  the  American  Road 
Builders'  Aasociation,  to  be  held  in  the  Coliseum,  Chi- 
cago, ID.,  next  week,  are  complete  as  this  issue  of  GOOD 
ROADS  goes  to  press.  Great  interest  throughout  the 
country  is  being  manifested  in  the  coming  convention 
and  it  is  expected  that  the  record  attendance  at  last 
year's  convention  held  in  the  same  city  will  be  greatly 
surpassed.  The  number  of  exhibitors  who  have  engaged 
space  at  the  Good  Roads  Show,  held  in  connection  with 
the  convention,  is  much  larger  than  any  previous  show, 
and  the  amount  of  space  which  will  be  devoted  to  ex- 
hibits of  road  machinery  and  materials  is  double  that 
of  many  previous  shows.  Not  only  has  all  the  available 
exhibition  space  in  the  main  floor  of  the  Coliseum  been 
taken,  but  the  balcony  and  the  Wilson  and  Greer  An- 
nexes have  been  leased  to  take  care  of  the  manufacturers 
desirous  of  exhibiting  their  products  at  the  event  of  the 
year  in  road  building  circles. 

A  strong  program  of  technical  subjects  has  been  pre- 
pared and  many  of  the  important  problems  confronting 
road  builders  will  receive  thorough  consideration  and 
discussion.  Last  year  the  daily  technical  sessions  of  the 
convention  were  shorter  than  usual  because  of  the  ab- 
sence of  extended  discussions  from  the  floor.  The  Pro- 
gram Committee,  in  selecting  the  subjects  and  speakers 
has  endeavored  to  overcome  this  difficulty  and  it  is  ex- 
pected that  more  extended  discussions  of  the  papers  pre- 
sented will  result. 


It  is  of  particular  significance  that  one  of  the  sessions 
will  be  devoted  to  the  discussion  of  highway  research,  at 
which  session  several  prominent  highway  engineers  who 
are  making  special  investigations  into  mattere  of  road 
design  will  present  papers.  The  time  was  when  a  road 
was  just  built.  And  while  we  now  know  much  more  than 
we  did  a  decade  ago  about  building  roads,  there  is  much 
to  be  learned.  A  clear  understanding  of  the  factore 
which  determine  the  life  of  a  road  can  be  arrived  at  only 
by  scientific  methods.  Highway  research  is  vital  to  the 
continued  growth  of  the  road  building  industry.  Hun- 
dreds of  millions  of  dollars  are  being  expended  on  road 
construction  in  this  country  and  it  is  expedient  that  our 
roads  be  built  scientifically  and  economically.  The  road 
building  industry  can  well  profit  by  glancing  at  the  part 
research  has  played  in  developing  many  of  the  other 
great  industries  in  this  country.  The  importance  of  high- 
way research  can  not  be  over  emphasized  and  it  is  hoped 
that  it  will  receive  increased  attention  at  future  con- 
ventions of  the  American  Road  Builders'  Association. 

The  good  roads  movement  has  been  gathering  increased 
momentum  each  year,  and  each  succeeding  convention 
of  the  association  is  more  important  than  the  former.  As 
more  roads  are  improved  and  as  trafSc  increases,  many 
new  problems  and  methods  are  brought  before  the  Amer- 
ican Road  Builders'  Association  conventions  for  discus- 
sion. This  interchange  of  ideas  has  had  great  infiuence 
in  raising  road  building  standards. 

Since  the  passage  of  the  Federal  Aid  Act  the  states 
have  built  up  efBcient  engineering  organizations,  in  many 
cases  where  none  before  existed,  so  that  as  a  result  every 
state  in  the  Union  is  now  prepared  to  go  forward  in  road 
development.  Congress,  by  making  an  appropriation  last 
year  to  continue  federal  aid,  in  face  of  financial  em- 
barrassment of  the  Government,  gave  its  approval  of  the 
present  system  of  road  development  by  the  co-opetation 
of   the   Federal   Government   with   the   various  states, 
thereby  indicating  that  highway  construction  will  pro-, 
ceed  without  check.     Many  of  the  states  have  appro- 
priated many  millions  of  dollars  for  highway  construc- 
tion and  as  the  financial  situation  becomes  easier  many 
states  which  hesitated  to  build  roads  will  issue  bonds 
for  highway  improvement.     Thus  the  outlook  for  the 
coming  year  is  bright,  and  undoubtedly  at  the  close  of 
1922  the  United  States  will  find  herself  enriched  with  a 
considerable  mileage  of  improved  roads. 

Many  of  the  men  who  will  help  build  these  roads  in  ' 
1922,  road  officials,  contractors  and  engineers,  will  be  in 
attendance  at  the  convention  in  Chicago  next  week. 
There  they  will  meet  others  engaged  in  highway  work 
and  be  able  to  exchange  ideas  and  experiences.  The  op- 
portunity will  also  be  afforded  them  to  see  the  latest 
labor  saving  devices  at  the  show,  which  will,  it  is  said, 
be  the  largest  collection  of  road  machinery  ever  assembled 
in  this  country. 
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SURVEY  OF  ROAD  WORK  IN  ILLINOIS 

(continued  from  page  13) 
tific  investigations  have  not  only  made  possible  lauch 
better  conetruction,  but  at  a  decided  reduction  in  first 
cost.  Auxiliary  investigations,  particularly  with  ref- 
erence to  the  curing  of  concrete  pavements,  bid  fair  to 
i-esult  in  better  cured  pavements  and  at  lower  costs  than 
have  heretofore  applied. 

Salient  Features  of  the  Illinois  Road  Law 

The  present  road  laws  of  Illinois  are  based  upon  the 
assumption  that  the  revenue  derived  from  motor  license 
fees  is  suflBcient  not  only  to  finance  the  maintenance  of 
the  trunk  line  roads  of  the  state,  but  also  to  provide  the 
funds  required  to  prosecute  a  comprehensive  construc- 
tion program!  "^^^  motor  license  fees  in  Illinois  average 
about  $12  per  motor  vehicle.  In  1921  the  revenue  de- 
rived from  this  source  approximated  seven  million  dol- 
lars. It  may  thus  be  seen  that  the  assumption  above 
indicated  is  not  out  of  line. 

The  bonds  to  be  issued  by  the  state  will  be  retired 
from  future  motor  license  fee  collections;  but  it  is  be- 
lieved that  thia  fund  will  be  sufficiently  large  to  do  this, 
and  also  to  provide  amply  for  the  maintenance  of  the 
state  highways,  and  meet  any  federal  appi-opriations 
that  may  be  made  available. 

Recent  legislation  provided  that  the  Depai-tment 
of  Public  Works  and  Buildings  may  take  over  for  main- 
tenance, in  addition  to  the  completed  trunk  line  roods, 
(at  its  option)  all  roads  of  the  trunk  line  system  previous 
to  construction. 

The  Illinois  motor  vehicle  law  covers  in  a  comprehen- 
sive way  regulations  for  the  control  of  motor  truck  traf- 
fic. It  is  believed  that  the  most  important  feature  of 
this  law  is  embodied  in  the  provision  that  axle  loads  may 
not  exceed  16,000  lb.  which  in  effect  limits  the  load  im- 
posed by  any  wheel  of  a  truck  to  four  tons.  The  motor 
vehicle  law  also  gives  to  the  Department  of  Publi'? 
Works  and  Buildings  authority  to  appoint  traffic  patr  1 
officers  in  order  that  load  limitations  may  be  effectively 
enforced.  This  department  of  the  Division's  activities 
is  now  being  organized ;  and  it  is  expected  that  in  1922 
the  overloading  of  trucks,  so  destructive  to  the  pave- 
ments, will  be  prevented. 

In  general,  legislation  during  the  past  ten  years  has 
been  gradually  developing  toward  a  unified  state  organi- 
zation having  control  of  all  highway  work.  All  highway 
bridges,  wherever  constnicted,  must  be  built  in  accor- 
dance with  the  regulations  of  the  Department  of  Public 
Works  and  Buildings.  All  units  of  road  work,  costing 
in  excess  of  $200  must  be  carried  out  under  the  direction 
of  the  various  county  superintendents  of  highways  who, 
in  turn,  are  deputies  of  the  chief  highway  engineer  and 
subject  to  the  regulations  of  the  Department  of  Public 
Works  and  Buildings.  This  centralization  of  the  general 
control  of  all  highway  work  is  resulting  in  a  gradual 
improvement  in  the  administration  of  the  work  all  down 
the  line  to  the  township  highway  afficials. 


The  1922  iirogram  of  the  Department  of  Public  Works 
and  Buildings  calls  for  the  construction  of  approxi- 
mately 1,100  mi.  of  pavement;  more  than  300  mi.  of 
heavy  grading;  and  200  large  bridges.  It  is  expected 
that  within  the  next  two  months  lettings  will  be  held 
and  awards  made  for  that  part  of  the  progi-am  which  is 
not  already  under  contract. 


"SONGS  OF  THE  ENGINEER" 

' '  The  engineer  is  very  generally  thought  of  as  a  most 
prosaic  individual,'  entirely  lacking  in  romance  or 
imagination, ' '  according  to  a  writer  in  a  recent  issue  of 
the  Professional  Engineer,  the  organ  of  the  American 
Association  of  Engineers.  "As  a  matter  of  fact,"  how- 
ever, he  continues,  "the  average  engineer  is  so  busy 
living  a  life  of  unsung  romance,  and  the  most  prosaic  of 
his  work  is  so  filled  with  imagination  and  creative 
thought,  that  he  haa  hardly  had  time  to  get  a  proper 
perspective  of  himself — to  get  off  at  a'  distance  and, 
looking  from  one  mountain  peak  of  achievement,  to  see 
across  the  valley  how  the  opposite  mountain  has  been 
molded  for  the  advancement  of  humanity  by  the  efforts 
of  the  engineer." 

Elsewhere  in  the  same  issue  of  the  Professional  Engi- 
neer are  printed  several  songs  and  verses  about  engineers 
and  their  work.  One  of  them,  credited  to  C.  Wiles 
Hallock  and  dealing  witli  the  branch  of  engineering  fol- 
lowed by  readers  of  Good  Roads,  is  presented  below : 

The  Men  Who  Make  the  Roads 
O,  brothers  of  the  open  road, 

Be  mindful,  in  your  motors. 
Of  this,  our  common  gift,  bestowed 

By    less    enleisured   voters. 
Be  mindful  how  these  thorofares, 

Were  made  to  serve  all  comers — 
The  meek  and  humble  milllonalreB, 

The  plutocratic  plumbers. 

O,  Brothers,  when  you  motor  out. 

In  double  fours  or  flivvers, 
To  lamp  the  landscape  round  about 

And  agitate  your  livers, 
The  while'  your  gas-consumer  flies. 

O'er  beaten  trails  and  by-ways — 
O,  breathe  a  prayer  and   bless  the  guys 

That  built  the  bloomin'  highways. 

Be  mindful  of  their  lowly  lot; 

They  rarely  ride  as  you  do. 
You  drive  nice  cars,  but  they  do  not; 

At  least,  a  very  few  do. 
And  life  would  be  a  dreary  hike 

If  It  were  not  for  fellows  like 
The  ginks  that  give  us  highways. 


The  Connecticut  State  Highway  Cominissioner  and 
the  Motor  Vehicle  Commissioner  have  made  a  joint 
ruling  permitting  the  registration  of  a  commercial  motor 
vehicle  for  more  than  its  rated  capacity  upon  obtaining 
from  the  engineering  department  of  the  manufacturer 
of  said  vehicle  a  certificate  to  the  effect  that  it  can  be 
operated  safely  at  all  times  and  under  all  conditions 
when  so  over-loaded.  The  ruling  does  not  affect  the 
previous  ruling  of  the  State  Highway  Department  that 
gross  loads  must  be  limited  to  25,000  lbs.,  total,  or  800  lb. 
per  inch  of  tire  width. 
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The  American  Road  Builder's  Association  and 

Its  Meeting  at  Chicago 

An  Organization  that  in  Two  Decades  of  its  Existence  Has  Played  a  Leading  Part 

in  the  Great  Work  of  Building  Up  the  Nation's  Highway  Transportation. 

Facilities— Previous  Conventions  and  Road   Shows— Program    of 

the  Nineteenth  Annual  Convention. 


Twenty  years  ago  road  building  was  little  more  than  a 
hope.  A  number  of  states  had  adopted  the  principle  of 
state  aid,  establishing  highway  depai-tments  and  making 
iSinall  approi)riations  to  aid  the  counties  and  the  towns 
in  the  imi)i'ovement  of  their  roads.  The  departments  had 
comparatively  little  power,  however,  and  the  initiating 
of  work  lay  almost  entirely  with  the  local  communities. 
A  certain  measure  of  control  over  what  should  be  undei'- 


called  the  American  Koad  Makers.  One  of  thcii'  first 
acts  wais  to  send  out  a  call  to  the  country's  road  builders 
— then  a  small,  but  earnest  group — to  assemble  at  a  con- 
vention at  Detroit,  Mich.,  on  Feb.  13  and  14,  1903.  The 
meeting  was  held  and  was  so  much  of  a  success  that  the 
leaders  of  the  movement  decided  to  hold  annual  meet- 
ings in  the  future. 

This,  in  brief,  is  the  story  of  the  founding  of  the  Amcr- 
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taken  was  vested  in  the  state  officials,  but  it  amounted  to 
little  more  than  the  veto  power.  The  work  once  begun, 
the  state  exercised  at  least  a  nominal  supervision,  but 
even  then  the  departments — measured  by  present  stand- 
ards— were  weak. 

Among  those  who  had  been  chosen  to  carry  on  the  work 
of  highway  improvement  in  the  pioneer  states  of  the 
Kiust  were  several  men  of  vision.  With  others  who  saw 
the  making  of  the  nation's  roads  as  one  of  the  great 
works  of  the  future,  these  men  gathered  in  New  York 
City  in  1902   and  organized  an   association  that  they 
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ican  Road  Builders'  Association — an  oi-ganization  that 
in  twenty  years  of  service  in  the  cause  of  better  roads 
has  witnessed  the  spread  of  the  state  aid  principle  to 
every  state  in  the  Union;  has  seen  federal  aid  materialize, 
and  has  led  in  the  efforts  that  have  expanded  the  or- 
ganized and  co-ordinated  road  program  of  the  country 
from  a  matter  of  a  few  million  dollars  to  one  of  more 
than  half  a  billion.  During  its  comparatively  short  life, 
the  character  of  traffic  has  almost  entirely  changed  and 
has  increased  in  volume  to  a  point  beyond  the  most  san- 
guine  expectations  of  even  the  moat   farseeing  of  its 
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founders.  Since  it  was  organized  road  building  ha» 
evolved  from  a  hit-or-miss,  rule  of  thumb  process  to  a 
science  and  art  ranking  high  among  the  various  branches 
of  engineering,  with  a  literature  of  its  own  and  a  practice 
that  has  kept  pace  with  the  rapidly  changing  conditions 
it  has  had  to  meet.  In  the  two  decades  of  its  efforts  in 
the  forefront  of  the  struggle  for  highway  betterment,  the 
equipment  of  the  road  builder  has  been  developed  from 
the  dump  cart,  road  roller  and  pick  and  shovel,  to  the 
varied  machines  and  tools  that  will  fill  to  overflowing  the 
Coliseum  at|  Chicago  next  week.  In  the  same  way,  the 
materials  that  the  road  builder  uses  have  been  increased 
in  number  and  improved  in  quality.     The  busines.s  of 
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road  building  too,  has  undergone  a  transformation.  No 
longer  is  a  road  contractor  a  workman  who  has  accumu- 
lated enough  ready  money  to  buy  or  hire  a  few  horses 
and  end-dump  carts  and  to  meet  a  few  weeks'  payroll. 
The  modem  contractor  usee  extensive  and  costly  plant 
and  takes  jobs  at  six  figures  that  in  the  old  days  would 
represent  a  state's  annual  program. 

And  in  all  of  this  advance  the  American  Road  Build- 
ers' A.ssociation  has  played  its  part.  It  has  numbered  in 
its  membership  the  leaders  in  every  branch  of  the  work 
to  which  it  is  dedicated — officials,  engineers,  contractors, 


educators  and  publicists. 
It  has  exerted  its  influ- 
ence on  the  side  of  wise 
legislation,  sound  financ- 
ing, able  administration, 
and  efficiency  and  econo- 
my in  construction  and 
maintenance.  It  has  con- 
stantly and  consistently 
urged  the  adoption  of  en- 
gineering  principles   that 
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in  the  experience  of  its  members  have  been  found  good. 
It  has  emphasized  the  need  of  traflfic  study  and  the  de- 


A.    H.    BLANCHARD 


GEO.    P.    COLEMAN 


voting  of  more  attention  to  the  economic  phase  of  road 
improvement.  It  has  worked  for  the  recognition  of 
highway  engineers  and  for  a  better  understanding  and 
more  genuine  co-operation  between  engineers  and  con- 
tractors. And  by  means  of  the  exhibitions  that  have 
been  sucli  important  parts  of  its  meetings  for  the  past 
twelve  years,  it  has  performed  an  incaluable  service  to 
road  builders  in  affording  them  unparalleled  oppor- 
tunities to  keep  abreast  of  the  development  of  road 
building  machinery  and  materials. 

The  chief  agency  through  which  the  association  has 
worked  has  been  its  annual  convention.  Its  first  meet- 
ing, in  1903,  having  demonstrated  the  value  of  such 
gatherings,  the  second  was  held  at  Hartford,  Conn.,  on 
Feb.  10  and  11,  1904.  That  meeting  was  a  repetition  of 
the  previous  success,  but  on  a  larger  scale.    The  attend- 
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ance  was  over  1,000.  The 
exhibition  feature  proped 
so  valuable  that  another 
was  held  the  next  year 
and  then  became  a  per- 
manent adjunct  of  the 
annual  convention.  It  was 
omitted  only  once  there- 
after— in  1915  when  the 
American  Road  Builder?' 
Association  held  a  joint 
meting   with   the   Ameri- 


can Highway  Association  and  a  number  of  local  or- 
ganizations   at  the  ,  Panama-Pacific  Exposition. 

The  seventh  annual  convention  was  held  at  Indian- 
apolis, Ind.,  on  Dec.  6,  7,  8  and  9,  1910,  with  over  1,400 
members  in  attendance  and  45  exhibitors  displaying  their 
goods.  The  eight  annual  convention  and  the  third  ex- 
hibition of  machinery,  equipment  and  materials  was 
held  at  Rochester,  N.  Y.,  on  Nov.  14,  15,  16  and  17, 
1911,  with  ten  more  exhibitors  than  the  previous  ex- 
hibition and  with  a  slightly  greater  attendance  of  mem- 
bers. At  this  meeting  the  method  of  proceedure  in 
conducting  the  meetings  was  altered,  each  session  being 
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devotctl  to  the  consideration  of  some  particular  topic 
which  was  introduced  by  a  formal  paper.  This  intro- 
ductory paper  was  followed  by  two  formal  discussions 
and  by  a  jrcneral  discussion  open  to  the  convention. 

In  1914  the  association  met  at  Chicago,  111.,  on  Dec. 
14  to  18,  with  the  attendance  over  3,500  members  and 
the  exhibitors  nuinlM>rinji  116.  In  1915,  as  mentioned 
above,  the  American  Road  Builders'  Association  joined 
with  the  American  Higliway  Association  and  several 
local  road  organizations  in  holding  a  joint  convention 
at  Oakland,  CaL,  during  the  Panama-Pacific  Interna- 
tional Exposition.  In  1918  the  fifteenth  annual  con- 
vMition  was  held  in  St.  Louis,  Mo.,  on  Feb.  4,  5,  6  and 
7.  In  1920  the  sixteenth  annual  convention  was  held 
in  New  York  City  on  Feb.  25,  26,  27  and  28.  At  the 
1919  and  1920  conventions  the  elaborate  displays  of 
heavy  machinerj-  were  omitted  because  of  war  conditions 
and  portable  exhibits  were  held  in  the  hotels.  In  1920 
the  seventeenth  annual  convention  was  held  in  Louis- 
ville, Ky.  Last  year  the  eighteenth  annual  convention 
was  held  in  the  Coliseum,  Chicago,  111.,  with  an  at- 
tendance and  variety  of  exhibits  which  broke  all  former 
records. 

In  the  language  of  its  constitution,  the  objects  of 
the  American  Road  Builder's  Association  are  "to  acquire 
and  disseminate  information  concerning  highway  con- 
struction and  maintenance  in  the  states  and  cities  of 
the  LTnion  and  in  the  provinces  and  cities  of  Canada ;  to 
stimulate  iterest  in  the  subject,  and  to  promote  educa- 
tional, legislative  and  other  measures  tending  to  their 
accomplishment."  The  annual  meetings  form  a  clearing 
house  for  ideas  and  experionees  of  leaders  in  the  road 
building  field.  Papers  are  prepared  and  read,  and  ex- 
tended discussions  upon  the  subjects  follow  in  which  all 
in  attendance  may  participate.  In  this  way  all  the 
members  attending  the  session  profit  by  tlie  thoughts 
and  experiences  of  men  from  all  parts  of  the  country 
engaged  in  road  building.  These  papers  and  discussions 
are  printed  in  full  annually  in  the  proceedings  of  the 
aasociation  and  copies  are  distributed  free  to  the  mem- 
bers. 

In  1918  a  constitutional  amendment  was  adopted 
dividing  the  membership  of  the  organization  into  five 
claflses,  as  follows:  Active,  life,  sustaining,  contributing 
and  honorary.  Active  members  are  "persons  who  are 
actively  engaged  in  laying  out  or  supervising  the  con- 
struction and  maintenance  of  highways  and  streets  and 
those  interested  in  highway  development."  The  an- 
nual dues  for  active  membere  are  $3.00.  Life  members 
are  active  members  making  a  payment  of  $100  upon 
election  to  membership.  Sustaining  members  are  com- 
panies or  organizations  contributing  $200  yearly,  and 
contributing  members  are  companies  or  organizations 
contributing  $50  yearly.  Honorary  members  are  "those 
who  have  performed  distinguished  service  in  the  cause 
of  highway  extension  and  improvement"  and  are 
nominated  by  the  board  and  elected  by  the  association. 
Active  members  are  elected  by  the  executive  committee 


upon  the  recommendation  of  an  active  member.  Only 
active  and  life  members  may  vote  or  hold  office. 

The  present  officials  of  the  association  arc  as  follows: 

President,  H.  L.  Bowlby,  Chief,  War  Materials  Divi- 
sion, U.  S.  Bureau  of  Public  Roads,  Washington,  D.  C. ; 
Vice-President,  Northeastern  District,  Charles  J.  Ben- 
nett, State  Highway  Commissioner  of  Connecticut ;  Vice- 
President,  Southern  District,  Frank  Page,  Chairman, 
North  Carolina  State  Highway  Commission ;  Vice-Presi- 
dent, Central  District,  A.  R.  Hirst,  State  Highway 
Engineer  of  Wisconsin;  Vice-President,  Western  Dis- 
trict, W.  W.  Crosby,  National  Park  Service,  Estes  Park, 
Colo.;  Secretary,  E.  L.  Powers,  Editor,  "Good  Roads"; 
Treasurer,  James  H.  MacDonald,  Former  State  High- 
way Commissioner  of  Connecticut. 

Past  Presidents:  A.  W.  Dean,  Chief  Engineer,  Divi- 
sion of  Highways,  Massachusetts  Department  of  Public 
Works;  H.  E.  Breed,  Consulting  Highway  Engineer, 
New  York,  N.  Y. ;  A.  H.  Blanchard,  Professor  of  High- 
way Engineering  and  Highway  Transport,  University 
of  Michigan,  Ann  Arbor,  Mich. ;  Geo.  P.  Coleman,  State 
Highway  Commissioner  of  Virginia;  M.  J.  Faherty, 
President,  Board  of  Local  Improvements,  Chicago,  111. 

Directors:  H.  K.  Bishop,  General  Inspector,  U.  S. 
Bureau  of  Public  Roads,  Washington,  D.  C. ;  M.  F. 
Bramley,  President,  Trinidad  Paving  Co.,  Cleveland, 
0.;  F.  E.  Everett,  State  Highway  Commissioner  of 
New  Hampshire;  Samuel  Hill,  Honorary  Life  Presi- 
dent of  the  Washington  State  Good  Roads  Associa- 
tion; J.  Frank  Smith,  Manager,  Good  Roads  Associ- 
ation of  Greater  Kansas  City,  Kansas  City,  Mo. ;  C. 
M.  Upham,  Chief  Engineer,  Delaware  State  Highway 
Department;  T.  J.  Wasser,  State  Highway  Engineer 
of  New  Jersey;  R.  A.  Meeker,  Right-of-Way  Engineer, 
New  Jersey  State  Highway  Department ;  F.  F.  Rogers, 
State  Highway  Commissioner  of  Michigan ;  Lt.  Col. 
W.  D.  Uhler,  Chief  Engnieer,  Pennsylvania  State  High- 
way Department ;  Irving  W.  Patterson,  Chief  Engineer, 
Rhode  Island  State  Board  of  Public  Roads;  William 
R.  Smith,  President,  Lane  Construction  Corp.,  Meriden, 
Conn.;  John  Swan,  Fort  Pitt  Construction  Co.,  Pitts- 
burgh, Pa.;  J.  H.  Cranford,  President,  The  Cranford 
Paving  Co.,  Washington,  D.  C. ;  W.  G.  Suero,  County 
Roads  Engineer,  Baltimore  County,  Maryland;  W.  A. 
McLean,  Deputy  Minister  of  Highways,  Province  of 
Ontario,  Canada;  A.  B.  Fletcher,  State  Highway  Engi- 
neer of  California.  S.  E.  Bradt,  Former  State  Superin- 
tendent of  Highways  of  Illinois,  DoKalk,  111. ;  Fred  E. 
Ellis,  Manager,  Essex  Trap  Rock  &  Construction  Co., 
Peabody,  Mass.;  Fred  W.  Sarr,  First  Deputy  State 
Highway  Commissioner  of  New  York;  George  W.  Till- 
son.  Consulting  Engineer,  La  Grange,  111. 

The  coming  convention  will  be  held  on  Jan.  16,  17, 
18,  19  and  20  at  the  Coliseum,  Chicago,  111.  A  strong 
program  for  the  technical  sessions  has  been  prepared, 
which  together  with  the  fact  that  the  number  and 
variety  of  exhibits  of  road  building  machinery  and  ma- 
terials will  be  larger  than  at  any  previous  convention. 
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makes  it  appear  at  this  writing  that  the  attendance  will 
be  uuicli  greater  than  ever  before. 

PROGRAM 

MONDAY,  JANUARY   16 
The  Thirteenth  National  Good  Roads  Show  will  be  opened 
to  the  public  at  8  p.  m..  Monday,  January  16.     The  show  will 
be  held  in  the  Coliseum. 

TUESDAY,  JANUARY  17,  1922. 

Coliseum,   10  a.   m. 

First    Session 

Meeting   called    to   order   by   the   President   of  the   American 

Road   Builders'  Association,  H.  L.  Bowlby. 
Invocation 

Announcement  of  Convention  Committees 
Address   of  Welcome  on  Behalf  of   the   City   of   Chicago,  by 

Hon.  William  Hale  Thompson,  Mayor  of  Chicago. 
Response  on  Behalf  of  the  American  Road  Builders'  Associa- 
tion,  by   Frank   Terrace,   President,   Washington   State 
Good  Roads  Association. 

Second   Session. 
Coliseum,  2  p.  m. 
J.  H.  Mullen,  Chief  Engineer,  Minnesota  State  Highway  De- 
partment, presiding. 
"Bituminous  Foundations,"  by  Hugh  W.  Slcidmore,  Chi- 
cago Paving  Laboratory,  Chicago. 
"Utilization  of  Local  Materials  for  Mineral  Aggregate," 
by  W.  A.  Welch,  Chief  Engineer,  Palisades  Inter- 
state  Park  Commission,   New  York. 
"Asphalt  Specifications,"  by  Al.  M.  Law,  Chief  Chemist, 
New  Orleans  Refining  Company,  New  Orleans,  La. 
"Specifications    for    Mineral    Aggregates,"    by    Roy    M. 
Green,  Western  Laboratories,  Lincoln,  Nebraska. 
"Controversial  Construction  Requirements  in  Specifica- 
tions," by  Bruce  Aldrich,  Kilmer  &  Barber,  To- 
ronto, Canada. 

Smoker,  8  p.  m. 
A  smoker  will  be  held  at  a  hotel  to  be  announced.     All 
delegates  are  invited  as  the  guests  of  the  Association.      Ap- 
propriate entertainment  will  be  provided. 

Third    Session 

Coliseum,   10  a.   m. 

C.  M.  Upham,  Chief  Engineer,  North  Carolina  State  Highway 

Department,   presiding. 

WEDNESDAY,  JANUARY  18 

"The  Highway  Outlook,"  by  Thomas  H.  MaoDonald, 
Chief,  U.  S.  Bureau  of  Public  Roads,  Washing- 
ton, D.  C. 

"Development  of  Small  Stream  Valleys  Into  Trafi[lc 
Routes,"  by  Jay  Downer,  Chief  Engineer,  Bronx 
Parkway   Commission,   New  York. 

"Cooperation  of  All  Parties  Interested  in  the  Construc- 
tion of  a  Modern  Road,"  by  William  Ord,  Manager, 
Paving  Dept.,  The  Lakewood  Engineering  Com- 
pany, Cleveland,  Ohio. 

"Uniform  Legislation  as  Affecting  Highway  Traffic  and 
Highway  Transport,"  by  D.  C.  Fenner,  Manager, 
Public  Works  Department,  International  Motor 
Company,  New  York. 

Fourth   Session 

Coliseum,  2  p.  m. 

M.  O.  Eldridge,  Chairman,  Roads  Board,  American  Automobile 

Association,    presiding. 

"Highway  Finance,"  by  Arthur  H.  Blanchard,  Professor 
of  Highway  Engineering  and  Highway  Transport, 
University  of  Michigan. 

"The  Minnesota  Experience  in  Highway  Financing,"  by 
C.  M.  Babcock,  Commissioner  of  Highways,  Min- 
nesota State  Highway  Department. 

"The  Proposed  Wisconsin  Plan  of  Highway  Finance," 
by  A.  R.  Hirst,  Chief  Highway  Engineer,  Wiscon- 
sin Higliway  Commission. 

"The  Business  End  of  a  State  Highway,"  by  C.  M. 
Upham,  Chief  Engineer,  North  Carolina  State 
Highway  Department. 

"A  Simple  Graphic  Method  of  Proportioning  Sands  for 
Sheet  Asphalt  Mixtures,"  by  Prevost  Hubbard, 
Chemical  Engineer,  The  lAsphalt  Association, 
New  York  City. 

"The  Use  of  Brick  for  Street  and  Road  Surfaces,"  by 
W.  W.  Horner,  Chief  Engineer,  Sewers  and  Pav- 
ing, St.  Louis,  Missouri. 


President's   Dinner 
Congress   Hotel,  6:30  p.  m. 
There  will  be  no  formal  entertainment  of  the  delegates. 
The  evening  is  left  open  for  special  parties. 

President's  dinner  to  the  Past  Presidents  and  Directors 
of  the  Association  at  the  Congress  Hotel,  6:30  p.  m. 

THURSDAY,  JANUARY   19. 

Fifth  Session. 

Chicago  Coliseum,  10  a.  m. 

A.   R.   Hirst,   Wisconsin   State   Highway  Engineer,   presiding. 

"The  Selection  of  the  Mineral  Aggregate  for  a  Portland 
Cement  Concrete  Road,"  by  C.  Gray,  Chief  En- 
gineer, State  Highway  Department  of  Indiana. 

"Design  of  Concrete  Roads  for  Heavy  Traffic,"  by  J.  W. 
Hunter,  First  Deputy  Highway  Commissioner, 
Pennsylvania  State  Highway  Department. 

"Inspection  and  Control  of  Materials  for  Concrete 
Roads,"  by  R.  W.  Crum,  State  Testing  Engineer, 
Iowa  Highway  Commission. 

"Importance  of  Surface  Finish  and  Methods  of  Control," 
by  H.  E.  Breed,  Consulting  Engineer,  New  York 
City. 

"Single  Track  Concrete  Roads  for  the  Average  County," 
by  P.  C.  McArdle,  County  Highway  Superinten- 
dent, Vermilion  County,  Illinois. 

"Pavement  Widths  for  Highways  Serving  Large  Cities," 
by  H.  E.  Surman,  Engineer  of  Design,  Illinois 
State  Highway  Department. 

Sixth  Session 
Coliseum,  2  p.   m. 
Arthur  H.  Blanchard,  Professor  of  Highway  Engineering  and 
Highway  Transport,  University  of  Michigan,  presiding. 
"Truck   Overloading;    Its  Relations   to   Road   Construc- 
tion and  Maintenance,"  by  J.  G.  McKay,   Ph.D., 
Professor  of  Economics,  University  of  Wisconsin. 
"The   Illinois    Experimental  .Road,"   by    Clifford    Older, 
Chief  Highway  Engineer,   Department  of  Public 
Works,  Illinois. 
"Highway  Research,"  by  W.  K.  Hatt,  Prrofessor  of  En- 
gineering,   Purdue    University;    Director    of    Re- 
search, National  Research  Council. 
"Highway  Researches  and  What  the  Results  Indicate," 
by  A.  T.  uoldbeck,  Chief,  Division  of  Tests,  U.  S. 
Bureau  of  Public  Roads,  Washington,  D.  C. 
Annual  Dinner 
Congress   Hotel,  6:30  p.  m. 
In  addition  to  the  dinner,  there  will  be  provided  an  ex- 
cellent entertainment. 

FRIDAY,  JANUARY  20 
Seventh  Session 
Coliseum,   10  p.  m. 
H.  G.  Shirley,  County  Engineer,  Baltimore  County,  Maryland, 
presiding 
"Construction   and   Maintenance  of  Earth   Roads,"   by 
George  E.  Johnson,   Secretary  of  Public  Works, 
Lincoln,  Neb. 
"A  Systematic  Study  of  Gravels  for  Road  Purposes,"  by 
Wallace  P.  Purrington,  Chemist  and  Testing  En- 
gineer, Highway  Department  of  New  Hampshire. 
"Cost  Keeping  on  Highway  Construction,"  by  A.  R.  Losh, 
Assistant  Chief  of  Construction,  U.  S.  Bureau  of 
Public  Roads,  Washington,  D.  C. 
"The  Highway  Contractor's  Problems,"  by  H.  H.  Wilson, 
Winston  and  Company,  New  York,  N.  Y. 

Eighth  Session 

Coliseum,  2  p.   m. 

H.  L.  Bowlby,  President,  the  A.  R.  B.  A.,   presiding. 
Report  of  Resolutions  Committee 
Election  of  Nominating  Committee 
Unfinished  Business 
Adjournment 


BRIDGE  IN  FLORIDA  COLLAPSES 
A    concrete    bridge    under    construction    over    Lake 
Worth,  between  Palm  Beach  and  West  Palm  Beach,  Fla., 
recently  collapsed.    The  bridge  had  just  been  completed 
and  was  to  be  opened  to  traffic  in  a  few  days. 
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GOVERNMENT    SEES    SOLUTION    OP    HEAVY 

MOTOR    TRUCK    PROBLEM 

Annual  Report  of  the  Bureau  of  Public  Roads  Taxes 

Up  Vexed  Problem  of  Adjusting  Loads 

and  Roads 

The  proper  reg:ulation  of  unusually  large  motor  trucks 
beeaose  of  their  wear  and  tear  on  the  country's  high- 
ways, or  of  restricting  their  use  to  certain  roads  designed 
to  accommodate  them,  is  suggested  for  consideration  in 
the  annual  report  of  the  Bureau  of  Public  Roads  of  the 
Usited  States  Department  of  Agriculture.  It  is  asserted 
that  the  problem  of  the  heaA'j'  motor  truck  Je  one  of 
prime  importance,  that  it  becomes  more  urgent  each 
year,  and  that,  while  not  to  be  solved  hastily,  it  will  have 
to  be  met  squarely  and  disposed  of  ultimately. 

"The  reduced  unit  cost  of  operation  which  follows 
from  the  transportation  of  commodities  in  jn'eater  bulk 
tends  to  promote  the  development  and  use  of  vehicles 
of  the  largest  capacity,"  according  to  the  report.  ''It 
is  desirable  to  gain  this  advantage,  if  it  is  actually  an  ad- 
vantage, but  it  is  this  point  which  is  seriously  in  doubt. 
The  doubt  arises  from  the  fact  that  the  roads  which  are 
adequate  ffor  traffic  autoinobilos  and  light  trucks  are 
entirely  unable  to  support  the  weight  of  the  heavier 
tracks,  and  to  build  roads  which  will  carry  the  heavy 
vehicles  will  greatly  increase  the  cost  of  construction. 

"Whether  the  operation  of  the  heavier  vehicles  shall 
be  restricted  to  a  class  of  roads  especially  designed  to  ac- 
eommodate  them,  or  whether  all  roads  shall  be  strength- 
ened to  provide  for  unrestricted  use,  or  whether  the  third 
alternate  shall  be  adopted  and  the  operation  of  the 
heavier  trucks  prohibited,  will  depend  upon  the  relation 
which  is  found  to  exist  between  reduced  operating  cost 
and  increased  cost  of  construction. 

"The  situation  presents  an  economic  problem  of  the 
first  importance  which  is  not  to  be  hastily  solved,  but 
which  must  nevertheless  be  met  and  disposed  of.  To  do 
■0  demands  a  careful  weighing  of  the  effects  of  the  sev- 
eral possible  solutions  with  a  view  to  the  selection  of  that 
one  which,  in  the  long  run,  will  serve  best  to  accomplish 
the  one  desirable  end — the  improvement  of  our  means 
of  transportation. 

"The  prime  importance  of  an  accurate  knowledge  of 
the  weights  of  the  vehicles  which  are  to  use  the  roads 
constructed  is  well  illustrated  by  the  experience  of  one 
of  the  states  in  which  the  Bureau  of  Public  Roads  made 
tn  extensive  investigation  during  the  paet  year. 

"Ten  years  ago  this  state  set  out  upon  the  construc- 
tion of  a  system  of  roads.  The  roads  were  designed  and 
built  to  meet  all  the  reasonable  demands  of  the  traffic 
which  then  could  be  foreseen.  In  the  brief  time  which 
has  elapsed  roads  have  been  constructed  which  penetrate 
to  all  parts  of  the  state,  some  of  which,  however,  have 
been  seriously  damaged  by  heavy  motor  vehicles,  the  use 
of  which  could  not  have  been  foreseen  when  the  roads 
were  constructed. 

"Our  investigation  reveals  that  in  this  case  the  re- 
turn from  the  roads  in  the  reduction  in  the  cost  of  trans- 
portation and  in  the  development  of  the  territory  they 


traverse  has  undoubtedly  compensated  the  loss  resulting 
from  their  destruction ;  but  it  is  not  by  any  means  cer- 
tain that  the  outcome  will  be  so  fortunate  under  other 
conditions. 

"For  the  security  of  the  enormous  investment  which 
ifi  being  made  by  the  states  and  Federal  (Jovemment, 
it  is  imperative  that  this  question  of  the  duty  which  the 
roads  will  be  called  upon  to  render  in  the  future  shall 
be  definitely  determined.  A  clearer  conception  of  the 
relative  economy  of  heavy  and  light  vehicles  can  be 
gained  by  careful  study." 

Another  problem  presenting  itself  for  solution — and 
under  investigation — ^is  the  variance  of  the  classes  of 
traffic  to  be  served  in  different  localities.  Pointing  out 
that  the  demand  for  good  roads  comes  from  all  classes 
of  highway  users,  the  bureau  asserts  that: 

"The  demand  of  the  farmer  is  for  roads  from  ship- 
ping points  and  agricultural  centers  to  the  surrounding 
areas — ^farm-to-market  roads.  The  manufacturer  and 
city  merchant  ask  principally  for  roads  which  will  facili- 
tate the  transportation  of  raw  materials  and  manufac- 
tured commodities  which  flow  to  and  from  the  cities. 
The  tourist,  and  that  large  section  of  our  urban  popula- 
tion whose  direct  interest  in  the  rural  roads  is  due  to 
the  opportunities  for  pleasurable  recreation  which  they 
afford,  are  particularly  concerned  in  the  development  of 
a  system  of  smooth,  hard-surfaced  roads  connecting  the 
cities  and  points  of  natural  interest.  Thus,  from  the  sev- 
eral classes  the  demand  is  for  roads  to  meet  their  par- 
ticular requirements,  while  all  unite  in  an  appreciation 
of  the  need  for  development  of  a  system  of  roads  which 
shall  serve  as  a  complete  supplement  to  the  railroads  in 
the  event  of  war. 

''All  these  are  proper  demands,  which  must  be  ac- 
commodated as  rapidly  as  the  resources  and  means  of 
construction  will  permit.  Fortunately,  the  more  impor- 
tant requirements  of  each  group  may  be  met  by  the  Im- 
provements of  a  relatively  small  part  of  our  mileage  of 
public  roads." 


Five  Million  Dollars  for  New  Connecticut  State 
Highways  was  the  program  outlined  by  Motor  Vehicle 
Commissioner  Robert  B.  Stoeckel,  of  Hartford,  Ct.,  re- 
cently, to  care  for  increased  automobile  traffic,  which, 
he  said,  was  crowding  the  present  state  roads.  He 
said  he  believed  that  the  highways  would  become  more 
congested  with  the  betterment  of  industrial  conditions. 
"It  will  result  in  increased  sale  of  automobiles  and 
make  new  highway  construction  imperative,"  he  said. 


The  Agricultural  Commission  of  the  American  Bank- 
ers'  Association  at  a  recent  convention  in  California 
reported  that  it  was  squarely  behind  the  measure  that 
provides  for  the  construction  of  transcontinental  high- 
ways, because  of  the  value  of  good  roads  to  the  farmer 
and  the  resultant  upbuilding  of  the  state  and  the  na- 
tion. The  report  was  submitted  by  "W.  C.  Gordon, 
Presrident  of  the  Farmers'  Saving  Bank,  of  Marshall, 
Mo. 
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Subgrade  Drainage  Tests  Yield  Interesting 

Preliminary  Data* 


BY  IRA  B.  MUIililS-i- 


The  Bubgrade  drainage  experiments  which  have  been 
in  progress  at  Arlington,  Va.,  experiment  station  of  the 
Bureau  of  Public  Roads  since  the  fall  of  1920  are  yield- 
ing some  interesting  preliminary  data.  The  more  impor- 
tant indications  noted  to  date  are  that  with  deep  drain- 
age ditches  unobstructed,  the  upper  layers  of  the  soil 
contain  more  moisture  than  the  underlying  soil,  a  con- 
dition which  is  reversed  by  flooding  the  ditches;  that 
treatment  of  the  subgrade  with  water-gas  tar  or  the  con- 
struction of  cut-off  walls  along  the  edges  of  the  surface 
have  a  marked  effect  in  reducing  the  moisture  content  of 
the  upper  layers  of  the  soil ;  that  the  amount  of  moisture 
near  the  surface  is  increased  by  alternate  freezing  and 
thawing,  and  that  marked  movement  of  the  overlying 
slab  results  from  temperature  changes  as  well  as  from 
the  changes  in  moisture  content  of  the  subgrade. 

Description  of  the  Experiment 

For  the  purposes  of  the  experiment  10  concrete  slabs, 

each  14  ft.  square,  have  been  laid  and  surrounded  by 

ditches    as    shown    in   the    illustration    on   page    33 

*  From  "Public  Roads,"  the  official  publication  of  the  Bureau 
of  Public  Roads,  U.  S.  Department  of  Agriculture. 

t  Assistant  Testing  Engineer,  Bureau  of  Public  Roads. 


of  this  issue.  Each  section  was  constructed  entirely  in 
cut  and  cutting  below  grade  at  any  point  was  carefully 
avoided,  so  that  the  natural  earth  conditions  would  not 
be  changed  by  any  filling.  The  Susquehanna  clay  soil 
which  composed  the  subgrade  was  not  rolled,  but  at 
the  time  the  pavements  were  laid  it  was  unusually  dry 
and  compact. 

As  shown  by  the  cross-sections  on  this  page,  the  drain- 
age of  section  1  is  accomplished  only  by  the  slope  of 
the  earth  shoulders  and  by  longitudinal  drains.  In  sec- 
tion 2,  an  attempt  has  been  made  to  prevent  any  water 
from  entering  the  subgrade  by  horizontal  capillarity  from 
the  shoulders,  and  to  drain  any  excess  water  through 
the  tile  and  gravel  drain  under  the  edge  of  the  pave- 
ment. 

In  sections  3  and  4,  gravel  is  used  for  the  purpose  of 
distributing  any  loads  on  the  pavement  as  well  as  for 
draining  and  aerating  the  subgrade. 

Crude  water-gas  tar  is  used  in  sections  5  and  6  to 
waterproof  the  subgrade  and  thereby  cause  it  to  render 
greater  support  to  the  pavement. 

Waterproofing  has  been  resorted  to  on  section  7,  the 
attempt  being  made  to  waterproof  shoulders  from  rain- 
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fall  and  the  insides  of  the  ditches  against  horizontal 
capillarity. 

Horizontal  capillarity  is  attacked  in  sections  8,  9, 
and  10  by  the  various  methods  indicated. 

The  square  plates  shown  in  the  illustration  on  page 
—  are  water-tight  caps  fitted  over  openings  in  the  pave- 
ments which  extend  entirely  through  the  slabs  for  the 
purpose  of  making  examinations  of  the  subgrade,  taking 
soil  samples  for  moisture  determinations,  etc.  The 
sheet-metal-encased  wells,  shown  in  the  shoulders,  were 
provided  to  show  the  elevation  of  the  ground  water. 
The  casings  of  these  wells  are  perforated  below  the  sur- 
face of  the  ground  to  admit  the  water. 

The  lateral  ditches  may  be  drained  or  flooded  for 
the  purpose  of  studying  the  effect  upon  the  subgrade. 
Upon  the  completion  of  the  studies  involving  the  use 
of  ditches,  they  will  be  filled  with  earth  and  the  experi- 
ments continned. 

In  addition  to  taking  samples  of  the  soil  for  moisture 
content  determinations,  a  careful  record  of  rainfall  and 
daily  temperatures  has  been  kept  throughout  the  test; 
and,  to  follow  the  movements  of  the  slabs  resulting 
from  moisture  and  temperature  changes,  precise  levels 
have  been  taken  from  time  to  time  on  brass  plugs 
embedded  in  the  four  comers  and  center  of  each  slab. 
The  bench  mark  to  which  the  levels  are  referred  con- 
sists of  a  troncated  cone  of  monel  metal  in  the  upper 
end  of  a  lj4-in-  galvanized  iron  pipe  rising  from  a  con- 
crete base  about  4  ft.  under  ground.  To  protect  the 
bench  mark  from  the  effects  of  temperature  and  frost 
the  pipe  was  inclosed  in  a  cylindrical  casing  closed  at 
the  top  by  means  of  a  screw  cap,  and  resting  at  the 


bottom  on  the  concrete  base,  the  lower  end  being  water- 
proofed with  4  in.  of  heavy  asphalt  which  securely  seals 
the  joint  with  the  concrete  base. 

Observations  of  Moisture  Concrete  and  Slab  Movement 

Moisture  samples  were  taken  from  the  eubgrades 
throughout  the  fall  and  winter  of  1920,  but  no  great 
amount  of  water  was  observed  until  Jan.  19  when,  im- 
mediately after  a  6-in.  freeze,  the  following  observations 
were  made : 


Sec- 
tion 
No. 


Well 
No.> 


Uoisture  condition. 


1 
3 

7 

C) 

(>) 
1 
3 
i 
I 
3 
5 
I 
3 
1 
3 
7 
1 
3 


Frosty,  free  water  pressed  out. 

Ice  crystals  in  auger  holw.    Ttaese  boles  seem  ta  make  this  veil  fSther 

dry  in  appearance,  still  trOTen 
Eree  water  one-half  incb  deep. 
Froren  and  rather  dry. 
Wet,  slaked,  and  contains  free  water. 
Upper  one-fourth  inch  very  moLst,  still  partly  IrouD. 
Tee  orystals  and  slightly  upheaved. 
Very  wet,  clay  slak«d. 
Dry. 
MoUt,  but  no  free  water. 

Do. 
Frosty  OB  top. 

Drier  than  perhaps  any  section  In  experiments. 
Frost  has  «  phcaved  surface.    No  water  can  be  pressed  out  with  thamh. 
Ice  crystals  under  subfirade. 
Subgrade  frosty  and  heayed. 
Pressure  of  thumb-will  squeeze  out  water. 
Clay  under  surface  of  .suhpade  moist.    Top  of  soil  not  as  bad  as  well  7 

of  this  .section.    This  is  probably  due  to  borings  which  offer  greater 

opportunity  for  drying  out. 
Pubsoll  rather  moist,  but  not  wet. 
Clay  moist  and  disintegrated  by  frost. 
Clay  slaked,  no  free  water  above  surface. 
Ice  crystals. 

Free  »aler one-fourth  Inch  deep. 
Ice  crystals  showing 
Somewhat  frozen 
Frosty  with  ice  crystnis  showing. 
I  Inch  of  u-ater  standinK  on  top  of  subgrade. 
Partly  thawed,  and  clay  slaked. 
I  inch  of  free  water  on  Lop  nf  subgrade. 

Clay  Jiut  under  coating  of  water-gas  tar  entirely  slaked  and  vdrf  mt. 
Same  as  well  1 


'  The  wells  referred  to  are  the  6-lnch  openlngB  throng^  the 
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pavements  to  permit  examination  and  sampling  of  the  soil. 
»  Well  between  3  and  7. 
»  Well  to  right  of  7. 
A  number  of  samples  taken  after  the  same  freeze  in 

an  open  field  and  on  ditch  banks  near  the  experimental 

sections  yielded  moisture  contents  which  are  shown  in 

the  chart  on  page  31.    The  cliart  indicates  veiy  clearly 

that  alternate  freezing  and  thawing  tends  to  increase 

surface  moisture.     The  mild  winter  offered  no  further 

opportunity  for  the  investigation  of  this  phenomenon, 

but  the  study  is  now  being  continued  by   artificial 

methods. 

At  all  times  when  the  ditches  were  unobstructed  the 
wettest  part  of  the  subgrade  was  observed  to  be  the 
upper  surface.  The  samples  taken  to  determine  the 
variation  in  moisture  content  were  first  taken  at  ver- 
tical intervals  of  6  in.,  but  later  this  interval  was  found 
to  be  too  great,  and  samples  are  now  taken  at  the  fol- 
lowing depths  in  inches:  }i,  yi,  H,  1,  2,  3,  4,  5,  6,  12, 
18,  and  24. 

As  noted  in  the  chart  on  page  30,  the  natural  rain- 
fall was  supplemented  in  the  spring  of  this  year  by 
the  use  of  lawn  sprinklers  placed  on  each  section.  On 
May  30,  after  about  two  weeks  of  sprinkling  during 
which  time  the  artificial  precipitation  was  several  times 
greater  than  the  natural  rainfall  at  any  preceding  time, 
the  sprinkling  was  discontinued  and  moisture  deter- 
minations were  made  for  the  several  sections  at  various 
depths  with  the  results  indicated  in  the  table  below. 

Percentage  of  Moisture  at  Various  Depths  Under 
Several  Sections. 


The  average  movement  of  the  various  pavements  for 
the  whole  period  was  as  follows : 


D*pth. 

SectUm  No. 

1 

i 

3 

4     1-5 

A 

.   7 

8 

9 

10 

faetn. 

K 

\ 
1 
i 

M4 
23  3 
MS 
19.1 
18  4 
U.8 

n.3 

21.4 
20  4 
22  7 

i».e 

26.3 
24.3 
23  1 
21.4 
15.3 
19.3 

24.3 
22.1 
21.3 
19.6 
18. « 
18.  S 

21.  S 
21  3 
19.7 
18.  S 
18.8 
19.0 

20.  S 

19  8 
20.1 

20  0 
18.3 
15.0 

32.1 

21.6 
f9  8 
20  4 
20  1 
20  6 

19.1 
18.5 
18.5 
18.3 
19.0 
18.  S 

20.6 
20.4 
20.  S 
20.2 
207 
19.9 

30.3 
19.9 
19.2 
18.8 
19.1 
19.1 

Moisture  determinations  were  not  made  to  a  greater 
depth  than  3  in.,  for  the  reason  that  as  the  depth  in- 
creased the  moisture  content  was  so  low  that  it  was 
considered  unnecessary  to  sample  deeper.  Before  sprink- 
ling was  discontinued  it  was  decided  that  nothing  would 
be  gained  by  further  sprinkling,  since  the  subgrade  was 
not  becoming  any  wetter  and  the  percentages  of  moisture 
above  indicated  represent  approximately  the  maximum 
amount  of  water  which  would  be  absorbed  by  this  par- 
ticular soil  under  the  climatic  condition  prevailing  at 
that  time  and  with  the  construction  and  drainage  shown. 

Some  idea  of  the  movement  of  the  pavement  resulting 
from  changes  in  moisture  content  may  be  obtained  from 
the  chart  on  page  31.  At  only  one  time  during  the 
period  represented  by  the  chart  was  there  a  frost  which 
penetrated  to  the  depth  of  the  pavement.  The  effect 
of  this  freeze  is  shown  on  Jan.  19.  The  maximum  ob- 
served lift  on  this  date  was  0.07  ft. 


AveraKe 

move- 

Section 

ment   in 

No. 

thou- 

sandths 

of  a  foot. 

4 

14.7 

8 

16.1 

7 

18.3 

3 

19..S 

1 

19.7 

9 

19.S 

6 

22.5 

5 

27.7 

2 

27.9 

10 

28.5 

The  Effect  of  Standing  Water  in  Side  Ditches 

The  effect  of  standing  water  in  the  side  ditches  has 
been  under  observation  since  July  15,  1921,  when  dams 
were  built  across  the  lateral  drains  to  such  height  that 
the  surface  of  the  water  in  these  drains  stood  approxi- 
mately 18  in.  below  the  subgrades  of  the  various  sections. 
The  height  of  the  water  table  in  the  ditches  has  been 
kept  constant  as  nearly  as  possible  by  allowing  water  to 
flow  in  daily  except  Sunday. 

On  August  10  the  average  percentages  of  moisture 
at  various  depths  under  the  several  sections  were  as 
follows : 


Depth  in 
inches. 

Seciion  No. 

■■ 

2 

3 

4 

5 

6v 

7      1      8 

9 

10 

Per  cent  of  moisture 

Oto.3 

Oto6 

Oto24.... 
18  to  24... 
24  to  30... 

19.2 
19.9 
20.0 
21.3 
21.9 

19.7 
19.9 
20,0 
21.2 
21  7 

IS.  7 
IS.  8 
19.2 
20.8 
21.  1 

20.8 
20.8 
20.8 
21.2 
22.2 

15.8 
16.4 
17.0 
19.7 
20.3 

14.9 

ll.S 
16  2 
IS.  3 
19.  S 

20.5 
20.5 
21  0 
21.1 
20.1 

19. 7 
19.9 
20.4 
22.1 
22.7 

19.9 
19.8 
20.3 
21.1 
2). 6 

17.0 
17.3 
18.8 
22.1 
22.4 

It  will  be  noted  from  the  above  figures  that  the 
average  percentage  of  moisture  in  the  subgrade  increases 
with  the  depth — a  condition  just  the  reverse  of  that 
which  exists  when  the  lateiial  ditches  are  unobstructed. 
The  flooded  condition  of  the  lateral  drains  will  be 
continued  for  several  weeks  more  and  other  moisture 
determinations  will  be  made  for  the  purpose  of  deter- 
mining what  the  maximum  saturation  will  be  under 
these  conditions. 

Movements  Caused  by  Temperature  Changes 

In  the  course  of  the  measurement  of  the  movement 
of  the  slabs  it  was  noted  that  the  elevations  varied 
from  day  to  day  without  any  corresponding  variation 
of  the  moisture  content  of  the  subgrade.  It  was  thought 
that  such  changes  might  be  due  to  temperature  stresses 
in  the  pavement  itself. 

For  the  purpose  of  checking  this  assumption  and 
detecting  any  movement  which  might  occur  very  precise 
measurements  were  made  every  hour  of  the  day  and 
night  across  the  center  of  section  1  and  these  readings 
together  with  the  air  temperature  and  the  temperature 
of  the  upper  and  lower  surfaces  of  the  pavements  are 
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plotted  on  page  31.  It  will  be  noted  from  this  graph 
that  the  edges  of  the  slab  turn  downward  as  the  upper 
surface  is  heated  and  upward  when  the  top  surface  tem- 
perature becomes  lower  than  that  of  the  bottom  surface 
of  the  pavement. 

The  maximum  change  noted  .so  far  has  been  slightly 


r 


GENERAL  VIEW  OP  SLABS  USED  FOR  TESTING 
SUBGRADE  DRAINAGE 

more  than  0.05  in.  It  will  be  observed  that  the  cooling 
effect  of  the  two  rains  which  occurred  during  the  period 
of  observation  produced  rapid  changes  in  elevations. 
These  rather  marked  temperature-stress  changes  would 
indicate  the  need  for  more  study  and  research  in  pave- 
ment design  as  well  as  in  subgrade  preparation. 


AIRSHIP  PHOTOGRAPHS  FOR  CITV  AND  HIGH- 
WAY SURVEYS 

Photographic  maps  made  by  piecing  together  many 
photographs  taken  from  aeroplanes  and  balloons  will  be 
used  for  city  planning  and  highway  location,  according 
to  predictions  of  U.  S.  Army  engineers.  Several  cities 
haf  e  already  made  plans  for  using  these  maps. 

Great  progress  has  been  made  in  the  taking  of  the 
photographs  and  the  making  of  photographic  maps  from 
them  at  the  army  schools  at  Ross  Field,  Arcadia,  Cat., 
and  Langley  Field,  Va.  At  the  former  there  has  been 
constructed  a'  photographic  map  covering  an  area  of 
about  250  sq.  mi.,  with  the  field  as  a  center. 

Among  the  uses  to  which  such  maps  can  be  put  by 
cities,  according  to  the  army  engineers,  are  city  planning, 
traffic  control  and  fire  protection.  Great  value  is  also 
claimed  for  them  in  the  making  of  preliminary  surveys, 
for  railways,  highways,  hydro-electric  projects  and  other 
engineering  works.  Among  the  advantages  of  this  kind 
of  mapping  are  its  speed,  its  comparatively  low  cost,  and 
the  possibility  of  thoroughly  covering  places  inaccessible 
by  any  other  method. 

A  somewhat  similar  use  is  to  be  made  of  aeroplane 
photography  in  Paris,  France.  That  city  has  just  opened 
an  air  police  station  at  Le  Bourget,  the  aviation  ground 
near  the  city.  Eventually,  this  force  will  be  used  to 
control  air  traffic  and  to  give  chase  to  criminals  attempt- 
ing to  leave  the  city  by  automobile.  At  first,  however, 
one  of  the  duties  of  the  fliers  will  be  to  take  photographs 
of  various  Paris  streets  and  boulevards  for  use  in  the 
solution  of  the  traffic  problem. 


ASPHALT  PAVING  IN  1921 

By  Jan.  1, 1922,  a  total  of  65,000,000  sq.  yd.  of  asphaltic 
pavement  will  have  been  laid  in  American  cities  during 
1921,  according  to  figures  compiled  by  the  Asphalt 
Association.  This  will  be  an  increase  of  25%  over  the 
yardage  constructed  in  1920. 

Saginaw,  Mich.,  leads  all  other  cities  this  year  with 
an  increase  of  600%  over  its  yardage  of  last  year  and 
other  cities  which  have  shown  big  increases  are  as  fol- 
lows: Akron,  0.,  500%;  Rochester,  N.  Y.,  300%;  Chi- 
cago, 111.,  60% ;  Des  Moines,  la.,  100% ;  Boston,  Mass., 
50%  ;  Columbus,  0.,  40%  ;  Norfolk,  Va.,  100%  ;  Detroit, 
Mich.,  50%;  Portland,  Ore.,  20%;  Roanoke,  Va.,  60%, 
and  San  Antonio,  Tex.,  14%. 

Greater  New  York  has  laid  a  total  of  1,991,783  sq. 
yd.,  as  follows:  Bronx,  418,700;  Brooklyn,  348,000; 
Queens,  357,843;  Richmond,  118,300  and  Manhattan, 
503,649.  The  increases  in  the  foregoing  boroughs  over 
1920  are  as  follows:  Bronx,  90%;  Brooklyn,  10%; 
Queens,  55%;  Richmond,  100%  and  Manhattan,  20%. 

The  asphalt  paving  laid  and  to  be  laid  this  year  in 
other  leading  cities  is  as  follows : 

City  Sq.  Yd. 

Birmingham,   Ala.    270,000 

San   Diego,    Cal - 142,068 

San  Francisco,   Cal 186,648 

Colorado    Springs,    Colo 88,340 

Denver,   Colo 151,000 

Jacksonville,    Fla 75,416 

Des   Moines,    la.    135,905 

Chicago,   111 1,613,600 

Indianapolis,   Ind 406,000 

New  Orleans,   La 155,983 

Boston,    Mass 456,921 

New  Bedford,  Mass , 176,431 

Springfield,   Mass.    180,250 

Baltimore,    Md 660,665 

Detroit,    Mich 1,29.5,000 

Tlint,    Mich 129,500 

Saginaw,    Mich 120,000 

St.  Paul,  Minn 138,000 

Kansas  City,  Mo 84,915 

St.  Louis,  Mo 186,509 

Jersey  City,  N.  J 108,180 

Newark,   N.  J 104,800 

Hochester,  N.  T 325,547 

Akron,    0 125,000 

Cincinnati,    0 165,000 

Columbus,    0 93,500 

Portland,    Ore 312,336 

Providence,  E.  1 271,892 

Fort  Worth,  Tex.    172,217 

San  Antonio,  Tex 226,000 

Roanoke,   Va 87,110 


Bids  on  "Winter  Work"  Projects  in  Minnesota  car- 
ried prices  considerably  lower  than  those  made  last  sum- 
mer, according  to  reports  of  the  results  of  lettings  held 
late  in  November  and  early  in  December.  The  average 
of  the  bids  for  excavation  on  7  grading  jobs  with  a  total 
length  of  76  mi.  was  23  ct.,  as  against  an  average  of  37 
ct.  on  work  last  summer.  Bids  on  some  260  mi.  of  grav- 
eling work  were  about  half  of  the  last  summer's  prices. 


An  Arkansas  Improvement  District  Bond  Issue  of 

$2,225,000  of  6%  bonds  recently  sold  at  a  premium. 
The  proceeds  of  the  bonds  are  being  used  for  the  con- 
struction of  two  bridges  across  the  Arkansas  River  at 
Little  Rock. 


34 


GOOD    ROADS 


January  11,  1922 


FOUR  YEARS'  HIGHWAY  WORK  IN  THE  STATE 

OF  PENNSYLVANIA 
Report  of  the  State  Highway  Department  for  1917, 

1918, 1919  and  1920  Shows  a  Total  of  $55,207,923.70 

for  Contracts  Awarded  and  About  720 

Wles  of  Road  Built 

Pennsylvania  has  built  722.4.')  mi.  of  road  during  the 
past  four  years  and  has  awarded  contracts  for  work  in- 
volving a  total  of  $55,207,923.70,  according  to  the  report 
of  the  State  Highway  Department  for  the  years  1917, 
1918,  1919  and  1920,  now  in  the  hands  of  the  printer. 

Of  the  total  mileage  bnilt,  666.65  mi.  were  built  in 
1919  and  1920.  The  division  of  this  mileage  by  types  is 
as  follows:  Reinforced  concrete,  536.97;  brick,  47.34; 
bituminous  surface,  73.60;  sheet  asphalt,  53.95;  water- 
bound  macadam,  6.85 ;  grading  and  drainage,  3.74.  The 
division  by  years  is  as  follows:  1917,  8.5  mi.;  1918, 
46.97;  1919,  253.10;  1920,  413.88. 

Maintenance  is  an  important  part  of  the  State  Higli- 
way  Department's  work.  General  repaira  were  made  on 
approximately  8,500  mi.  of  state  highways  during  each  of 
the  four  years.  Resurfacing  during  each  of  the  four 
years,  also  on  state  highways,  included  205,  197,  218  and 
349  mi.,  respectively.  Surface  treatments  on  state  high- 
ways each  year  amounted  to  approximately  1,400  mi. 
Similar  work  was  done  on  state  aid  highways,  the  total 
mileage  involved  amounting  to  about  500  mi.  each  year. 

The  appropriations  made  by  the  Legislature  to  the 
State  Highway  Department  for  construction  were  $6,- 
000,000  in  1917 ;  $4,000,000  in  1919,  and  $2,750,000  in 
1921.  Ck)rre8ponding  state  aid  appropriations  were 
$1,500,000,  $3,000,000  and  $4,000,000. 

The  automobile  license  receipts  are  used  by  the  State 
Highway  Department  for  the  maintenance  of  the  10,200 
mi.  of  road  comprising  the  state  highway  system.  The 
amounts  received  from  this  source  were  as  follows :  1917, 
$3,268,025.50;  1918,  $4,048,185.50;  1919,  $5,090,645.69; 
1920,  $8,090,873.04. 

In  1918  the  voters  of  the  state  approved  a  bond  issue 
of  $50,000,000.  This  will  have  been  exhausted  by  the 
end  of  the  1922  construction  season,  according  to  the 
report. 

The  federal  aid  received  by  Pennsylvania  during  the 
four  years  covered  by  the  report  amounted  to  $8,040, 
698.24. 


FEDERAL    AID    PROJECTS    APPROVED 
Statement  of  Highway  Work  Approved  by  the  Bureau 
of  Public  Roads  During  First  Quarter  of  the 
Current  Fiscal  Year 
During  the  first  quarter  of  the  current  fiscal  year,  or 
from  July  1  to  Sept.  30,  inclusive,  the  Bureau  of  Public 
Roads  approved  federal  aid  projects  in  38  states  and 
alloted  $10,389,516.58  of  federal  funds  toward  their  con- 
struction.   Additional  projects  have  been  approved  since 
Sept.  30,  and  still  others  are  under  consideration. 

The  length  of  the  projects  approved  during  the  three- 
month  period  is  1,400  mi.,  exclusive  of  a  number  of 
important  bridges,  which,  when  completed,  will  measure 


slightly  more  than  2  mi.  in  length  in  the  aggregate.  The 
total  estimated  cost  of  the  approved  projects  is  $25,- 
353,848.39  and  the  total  estimated  cost  of  the  bridges 
is  $1,478,146.77,  making  the  total  estimated  cost  of  all 
the  work,  $26,831,994.72.  Of  this  entire  sum,  the  states 
will  pay  approximately  $16,500,000,  or  more  than  three- 
fifths  of  the  total. 

Up  to  the  beginning  of  the  cuiTent  fiscal  year,  the 
bui-oau  had  approved  projects  having  a  total  length  of 
35,402  mi.  and  a  total  estimated  cost  of  about  $587,- 
321,323.  Federal  aid  funds  had  been  allotted  to  the 
extent  of  $202,764,414.  These  figures  cover  the  mileage 
and  cost  of  all  roads  approved  since  the  inception  of 
federal  aid.  Taking  into  account  the  allotments  made 
since  the  beginning  of  the  fiscal  year,  the  bureau  has 
approved,  from  the  inauguration  of  federal  aid  in  July, 
1916,  through  Sept.  30,  1921,  roads  having  a  total  mile- 
age of  36,802  and  costing  $614,153,318.  The  Government 
has  allotted  towards  their  construction  a  grand  total  of 
$213,153,931,  or  over  34%. 

The  projects  approved  during  the  three  months  ending 
Sept.  30,  1921,  are  situated  in  the  following  states :  Ala- 
bama, Arizona,  Arkansas,  California,  Colorado,  Florida, 
Georgia,  Idaho,  Indiana,  Kansas,  Kentucky,  Maine, 
Maryland,  Massachusetts,  Mjchigan,  Minnesota,  Missis- 
sippi, Miasouri,  Montana,  Nebraska,  New  Hampshire, 
New  Mexico,  New  York,  North  Dakota,  Ohio,  Oklahoma, 
Oregon,  Pennsylvania,  South  Carolina,  South  Dakota, 
Tennessee,  Texas,  Utah,  Virginia,  "Washington,  West 
Virginia,  Wisconsin  and  Wyoming. 

Most  of  the  mileage  approved  consists  of  graded  earth, 
sand-clay,  and  gravel  roads,  the  total  mileage  of  these 
three  approved  being  1,044.7.  Their  cost  will  amount 
to  $10,949,286.17,  it  is  estimated,  and  the  amount  of  fed- 
eral aid  allotted  is  $4,383,995.02.  Various  macadam 
types,  with  bituminous  macadam  predominating,  amount 
to  90,45  mi,  and  will  cost  about  $2,944,771.56,  of  which 
i|l,281,920.16  will  come  from  federal  funds. 

Roads  of  the  highest  types  to  be  built — cement  con- 
crete, bituminous  concrete,  brick,  and  block — will  have  a 
total  length  of  264.75  mi.  and  will  cost  about  $11,459,- 
790.66,  Towards  this  cost  the  Government  wiU  con- 
tribute $4,012,646,35. 

The  total  estimated  cost  of  the  bridges  approved  is 
$1,478,146.77  and  tbe  Government's  share  is  about  $710,- 
954.45. 


The  Minneapolis  Truck  TerminalB,  Inc.,  has  been 
organized  by  15  of  the  principal  companies  and  indi- 
divuals  operating  motor  truck  freight  lines  in  (and 
around  Minneapolis,  Minn,  The  new  corporation  ha.s 
established  a  union  terminal  from  which  the  several 
truckers  are  operating  37  lines  serving  some  fifty  towns. 
The  terminal  is  situated  at  724  First  Street,  North. 


The  Supervisors  of  Chautauqua  County,  New  York, 
recently  authorized  the  issuing  of  road  bonds  to  the 
amount  of  $1,000,000. 
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NEW  BULLETIN  ON  SNOW  REMOVAL 

''Caterpillar  Tractors  for  Snow  Removal"  is  the  title 
of  a  new  snow  removal  bulletin,  No.  C-168,  recently 
issued  by  the  Holt  Manufacturing  Co.,  of  Peoria,  111. 

It  consists  of  8  pages,  8%xll  in.  in  size,  printed  in  red 
and  black.  The  contents  consist  of  a  discussion  of  methods 
of  removing  snow  with  plow-equipped  "Caterpillar" 
tractors,  together  with  a  description  of  the  tractor.  It  is 
profusely  illustrated  by  half-tone  reproductions  of  photo- 
graphs of  the  apparatus  in  operation  on  roads  and 
sftreets. 


NEW  INGERSOLL-RAND  COMPRESSOR 

A  new  line  of  belt  driven  air  compressors,  designated 
as  the  "Imperial"  type  "XCB,"  has  been  announced  re- 
cently by  the  Ingersoll-Rand  Co.,  11  Broadway,  New 
York,  N.  Y. 

The  machine  is  shown  in  the  accompanying  illustra- 
tion. In  it  are  incorporated  several  special  features, 
including  Ingersoll-Rand  plate  valves  for  both  the  air 
intake  and  the  discharge,  and  the  5-step  clearance  con- 
trol for  regulating  the  compressor's  output. 

The  plate  valves  used  have  been  perfected  after  a 
complete  analysis  of  light  weight  valves  of  that  type, 
and  they  include  the  features  that  have  been  found 
necessary.  The  most  important  of  these  is  the  support 
of  the  valve  throughout  its  entire  operation  in  perfect 
alignment  without  any  form  of  wearing  guide. 

The  clearance  control  has  been  used  with  great  suc- 
cess on  the  larger  direct-connected,  electric  motor-driven 
compressors  made  by  the  Ingersoll-Rand  Company.  By 
means  of  it  remarkably  efficient  operation  is  secured  at 


INGERSOLL-ItAND     AIR     COMPRESSOR     WITH     SHORT 
BELT    DRIVE    AND    ELECTRIC    MOTOR 

partial  loads — an  extremely  important  factor  in  view 
of  the  fact  that  the  demand  for  air  is  seldom  steady 
throughout  the  working  day. 

With  this  control  the  compressor   is  loaded   or  un- 
loaded in  five  successive  steps,  the  entire  control  being 


automatic.  One  of  its  especially  valuable  features  is  that 
the  clearance  pockets  are  integral  parts  of  the  compressor 
cylinder.  All  the  mechanism  for  regulating  the  com- 
pressor is  independent  of  the  running  gear. 

The  machine  can  be  furnished  single  stage  for  low 
pressures  and  two  stage  for  high  pressures.  The  piston 
displacement  capacity  for  100  lb.  discharge  pressure 
ranges  from  610  to  1,505  cu.  ft.  of  free  air  per  minute. 
The  machine  can  also  be  furnished  with  the  short  belt 
drive  attachment  with  floating  idler. 


TRUCK  OPERATED  PROFITABLY  IN  ROAD  AND 
EXCAVATION  WORK 

The  motor  truck  shown  in  the  accompanying  illus- 
tration is  a  5-ton  Acme  machine  that  in  18  months  of 
operation  on  road  work  and  general  excavating  jobs  paid 
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ACME     6-TON     TRUCK     OPERATED     PROFITABLY     IN 
ROAD    AND    EXCAVATION    WORK 

for  itself  and  earned  a  "good  living"  for  its  owner, 
G.  A.  Van  Dusen,  of  Detroit,  Mich. 

The  truck  is  equipped  with  a  5-yd.  dump  body  and 
a  hoist  and  was  purchased  especially  for  road  work.  It 
has  been  used  largely  for  that  purpose,  but  it  has  also 
been  utilized  in  excavating  work  and  general  hauling. 
During  18  months  of  operation  it  traveled  18,704  mi. 

While  the  daily  mileage  averaged  about  35,  it  varied 
j^reatly.  On  some  road  jobs  the  daily  travel  amounted 
to  some  80  mi.,  while  in  handling  building  supplies  and 
in  general  hauling  the  average  was  about  20  or  25. 

During  the  year  ending  March  1,  1921,  the  truck 
traveled  9,456  mi.  in  270  days.  Based  on  the  National 
Standard  truck  cost  system,  the  cost  of  operation  was 
$16.05  per  day,  that  figure  including  $5  a  day  to  Mr. 
Van  Dusen  for  driving.  It  also  included  an  allowance 
of  $400  a  year  for  maintenance  and  repairs.  This  gives 
an  average  cost  per  mile  of  $0.4583.  The  gasoline  con- 
sumption was  4.5  mi.  per  gallon  and  the  oil  consump- 
tion 150  mi.  per  gallon. 
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WHITE  BUILDS  NEW  TYPE  BUSINESS  CAE 

A  passenger  car  designed  especially  for  the  use  of  men 
whose  business  compels  them  to  travel  from  place  to 
place,  such  as  contractors,  engineers,  salesmen  and  the 
like,  is  shown  in  the  accompanying  illustration. 

The  ear  is  built  by  the  White  Company,  the  manu- 
facturer of  the  truck  of  that  name,  the  one  pictured 
being  one  of  a  fleet  purchased  for  its  salesmen  by  a  soft 
drink  manufacturer.     The  machine  has  the  appearance 


NEW     WHITE     BUSINESS     CAR 

of  a  passenger  car,  but  is  of  truck  construction.  This 
"business  car,"  as  it  is  called,  is  described  by  the  maker 
as  a  development  of  the  standard  White  taxicab  chassis, 
with  seating  accommodations  for  two  persons.  It  is 
equipped  with  a  permanent  top  and  there  is  ample  room 
for  baggage  back  of  the  seat.  The  rear  compartment 
can  be  fitted  up  to  carry  whatever  paraphernalia  the 
user  may  need  in  his  work. 


ENGINEERS  ADOPT  FINAL  PLANS  FOR  THE 
LINCOLN  HIGHWAY  "IDEAL"  SECTION 

Final  plans  for  the  "Ideal"  section  to  be  built  qn  the 
Lincoln  Highway  were  adopted  by  the  engineers  at  a 
recent  meeting  at  Chicago. 

An  agreement  as  to  the  main  features  of  the  design 
was  reached  at  the  meetings  held  in  New  York  and  in 
Chicago  in  December,  1920,  and  February,  1921.  Since 
then  the  Lincoln  Highway  Association  has  determined, 
tentatively,  to  build  the  section  in  Lake  County,  In- 
diana, about  37  mi.  south  of  Chicago.  The  cooperation 
of  the  State  of  Indiana  has  been  obtained,  detailed  sur- 
veys of  the  proposed  location  between  Dyer  and 
Schererville,  have  been  made,  and  final  plans  have  been 
prepared,  following  the  general  specifications  drawn  by 
the  association's  technical  committee. 

At  the  recent  meeting  the  Committee  approved  the 
detailed  plans  for  the  section  prepared  by  Lockwood, 
Greene  &  Co.,  the  engineers,  and  Consulting  Engineer 
W.  G.  Thompson  of  the  association.  The  plans  call 
for  a  section  approximately  1.75  mi.  in  length,  con- 
sisting of  a  40-ft.  reinforced  cement  concrete  pavement, 
10  in  .thick,  laid  in  the  center  of  a  100-ft.  right  of  way. 
A  strip  25  ft.  wide  at  the  outside  of  the  right  of  way 
each  side  will  be  landscaped  and  beautified  under  the 
direction  of  Jena  Jensen,  the  Chicago  landscape  archi- 
tect.   There  will  be  no  open  ditches,  the  drainage  being 


taken  care  of  by  tile  underdrains.  There  will  be  a 
sidewalk  for  pedestrians  and  it  will  be  carried  across 
the  one  bridge  included  in  the  section.  The  road  will 
be  lighted  at  night,  the  installation  of  the  system  being 
made  under  the  direction  of  engineers  of  the  General 
Electric  Co. 

"It  should  be  borne  in  mind  that  the  roadway  which 
the  Lincoln  Highway  Association  plans  to  construct 
next  spring  at  the  location  mentioned  was  designed  by 
its  committee  of  experts  to  represent  the  highest  pos- 
sible development  needed  on  the  heaviest  traveled  sec- 
tions of  the  most  important  highways  in  the  United 
States,"  according  to  a  statement  from  the  association's 
headquai-ters.  "In  designing  the  Ideal  Section,  the  as- 
sociation's technical  committee  had  in  mind  an  ultimate 
traffic  volume  of  20,000  vehicles  per  24-hour  day  and 
assumed  that  5,000  of  these   vehicles   would  be  motor 
trucks  carrying  freight.    While  this  is  a  traffic  slightly 
beyond  that  now  encountered  on  any  road  in  the  United 
States,  it  is  not  beyond  that  which  iis  bound  to  develop 
on  many  of  our  most  important  arteries  of  transporta- 
tion during  the  life  of  roadways  laid  in  the  immediate 
future.      The    nature    of   the    design    bears    no    rela- 
tionship to  the  traffic  volume  now  existing  on  the  Lin- 
coln Highway  at  the  location  tentatively  selected.    This 
location  is  being  considered  because  it  is  central  as  re- 
gards the  United  States  as  a  whole  and  convenient  to 
Chicago,  while  yet  being  in  the  open  country." 


PARKING    TUNNELS     SUGGESTED    FOE    NEW 
YORK    CITY 

The  construction  of  parking  tunnels  to  relieve  the 
congestion  in  the  shopping  and  theater  districts  of  New 
York  City  has  been  suggested  to  the  Board  of  Estimate 
and  Apportionment  of  that  city  by  Dr.  John  A.  Harriss, 
Special  Deputy  Police  Commissioner  in  charge  of  traffic. 

The  tentative  plan  calls  for  the  construction  of  under- 
ground parking  spaces  in  Central  and  Bryant  Parks. 
The  former,  near  the  59th  St.  entrance,  it  is  estimated, 
would  accommodate  30,000  cars,  while  the  other  would 
take  care  of  about  3,000.  The  cars  would  be  stored  in 
these  two  pla.ces  while  their  ownera  were  shopping  or 
at  the  theaters  and  would  be  called,  when  wanted,  by 
telephone.  According  to  Dr.  Harriss,  practically  all  of 
the  big  department  stores  have  studied  the  plan  and 
are  enthusiastic  about  it.  He  thinks  that  the  cost  would 
not  be  excessive. 


A  Three- Year  Course  in  Road  Building  has  been  es- 
tablished by  the  Dunwoody  Industrial  Institute  at  Min- 
neapolis, Minn.  Classes  are  conducted  during  the  fall, 
winter  and  spring  and  men  are  required  to  obtain 
practical  work  with  contractors  during  the  summer 
months- 

The  City  of  Dallas,  Texas,  is  said  to  have  refused 
an  offer  of  par  and  accrued  interest  for  a  street  improve- 
ment bond  issue  of  $1,250,000,  in  the  expectation  of  sell- 
ing the  bonds  at  a  premium. 
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MEETINGS 


Calendar  of  Coming  Meetings 

Jan.  17-19 — Iowa  Engineering'  Society. — Thirty- 
fourth  Annual  Meeting,  Sioux  City,  Iowa.  Secretary, 
L.  A,  Canfield,  Des  Moines,  la. 

Jan.  17-19 — Associated  General  Contractors  of  Amer- 
ica— Third  Annual  Meeting,  Hotel  Winton,  Cleveland, 
Ohio.  General  Manager,  R.  C.  Marshall,  Jr.,  1038  Mun- 
sey  Bldg.,  Washington,  D.  C. 

Jan.  17-20,  1922. — American  Road  Builders'  Associa- 
tion.— Nineteenth  Annual  Convention,  Twelfth  Amer- 
ical  Good  Roads  Congress  and  Thirteenth  Good  Roads 
Show  under  the  auspices  of  the  A.  R.  B.  A.,  The  Coli- 
seum, Chicago,  111.  Secretary,  E.  L.  Powers,  11  Waverly 
Place,  New  York,  N.  Y. 

Feb.  12-17 — Conference  on  Highway  Engineering. — 
Eighth  Annual  Conference,  University  of  Michigan,  Ann 
Arbor,  Mich. 


STANDARDIZATION  OP  PAVING  BRICK 

Conference  of  Manufacturers  and  Users  under  Auspices 

of  Department  of  Commerce  Eliminates  All  but  11 
of  the  66  Sizes  Manufactured 

Fifty-five  sizes  and  varieties  of  vitrified  paving  brick 
were  eliminated  at  a  conference  of  brick  makens,  brick 
users  and  other  interested  parties,  held  at  Washington, 
D.  C,  on  November  15,  under  the  auspices  of  the  U.  S. 
Department  of  Commerce.  The  conference  was  the  first 
of  a  series  to  be  called  by  Secretary  Herbert  Hoover  to 
coordinate  and  forward  the  movement  to  eliminate  waste 
in  industry. 

The  conference  was  opened  by  F:  M.  Feiker,  Assistant 
to  Secretary  Hoover,  and  E.  W.  McCullough,  Manager 
of  the  Fabricated  Production  Department  of  the  United 
States  Chamber  of  Commerce,  was  chosen  to  preside. 
Secretary  Hoover  addressed  the  meeting,  explaining  its 
purpose  and  calling  attention  to  the  fact  that  the  matter 
of  eliminating  some  of  the  66  sizes  and  types  of  bricks 
had  been  brought  to  the  department's  attention  by  the 
manufacturers  themselves. 

Secretary  Hoover  was  followed  by  M.  B.  Greenough, 
Secretarj'  of  the  National  Paving  Brick  Manufacturers' 
Association,  who  presented  the  report  of  that  organiza- 
tion. The  report  contained  a  tabulation  showing  ship- 
ments of  paving  bricks  of  66  varieties  between  1914  and 
Aug.  1,  1921. 

The  conference  then  proceeded  to  the  elimination  of 
sizes  by  vote,  using  as  a  basis  a  maximum  size  of  4 
(depth) x3j4  (width) x8j^  and  a  minimum  size  of  3x3x 
8J4.  This  resulted  in  reducing  the  number  from  66  to 
20.  After  a  considerable  discussion  upon  further  elim- 
ination of  varieties,  a  committee  was  appointed  to  take 


up  the  matter  and  report  back  to  the  conference  at  the 
afternoon  session.  The  committee  consisted  of  F.  B. 
Dunn,  President  of  the  Dunn  Wire-Cut  Lug  Brick  Co.; 
L.  C.  Herrick,  Director  of  Highways  and  Public  Works, 
of  Ohio ;  P.  H.  Bates;  0.  W.  Renkert,  of  the  Metropolitan 
Paving  Brick  Co.;  and  E.  J.  Mehren,  of  "Engineering 
News-Record,"  chairman. 

At  the  afternoon  session  the  committee  reported  back 
to  the  meeting  and  recommended  the  elimination  of 
nine  more  varieties.  The  committee  also  expressed  the 
belief  that  further  reductions  should  be  made  and,  after 
the  adoption  of  the  report  a  committee  of  ten  was  ap- 
pointed to  consider  such  further  reductions.  This  com- 
mittee consists  of  a  representative  from  each  of  the 
following  organizations:  The  American  Society  of  Civil 
Engineers,  the  American  Association  of  State  Highway 
Offcials,  the  American  Society  for  Municipal  Improve- 
ments, the  American  Society  for  Testing  Materials,  the 
Federated  American  Engineering  Societies,  the  National 
Paving  Brick  Manufacturers'  Association,  the  United 
States  Chamber  of  Commerce,  the  Bureau  of  Public 
Roads  of  the  U.  S.  Department  of  Agriculture,  the  Bu- 
reau of  Standards,  and  the  Department  of  Commerce. 

In  order  to  avoid  the  necessity  of  working  to  exact 
dimensions,  the  following  resolution  was  adopted  by  the 
conference : 

"The  sizes  stated  in  this  report  are  to  be  regarded  as 
nominal  and  subject  to  the  usual  variation  of  yi  in. 
in  width  and  depth  and  >^  in.  in  length." 

The  varieties  of  brick  retained  by  the  conference  are 

shown  in  the  following  table: 

Width.  Depth.  Length. 

(Ins.)  (Ins.)  (Ins.) 

Plain    wire-cut     brick     (vertical  (3  4  Syi 

fiber,  lugless  (       Sj^  4  814 

Repressed  lug  brick  (       3j4  Zyi  8yi 

X      Zyi  i  »yi 

Vertical  fiber  lug  brick (       3  4  8j4 

{  Syi  •  Z  8J4 

Wire-cut  lug  brick  (Dunn) ]  Sy^  Sj^  8j4 

(  314  4  8J4 

Hillside  lug  brick  (Dunn) Syi  4  8j4 

Hillside  lug  brick   (repressed) Zyi  4  Syi 

Among  those  present  at  the  conference  were  the  fol- 
lowing :  L.  C.  Herrick,  Director  of  Highways  and  Public 
Works,  of  Ohio,  representing  the  American  Association 
of  State  Highway  Officials;  R.  Keith  Compton,  Chair- 
man and  Consulting  Engineer  of  the  Paving  Commission 
of  Baltimore,  Md.,  representing  the  American  Engineer- 
ing Council ;  W.  D.  Uhler,  Chief  Engineer  of  the  Penn- 
sylvania State  Highway  Department,  representing  the 
American  Society  of  CivU  Engineers;  Geo.  F.  Fisk, 
Chairman  of  the  Committee  on  Brick  Pavements,  repre- 
senting the  American  Society  for  Municipal  Improve- 
ments ;  W.  P.  Blair,  representing  the  Indiana  Engineer- 
ing Society ;  John  A.  Dailey,  of  the  Department  of  Pub- 
lic Works  of  Chicago,  111.,  representing  the  Western  So- 
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ciety  of  Engineers ;  P.  St.  J.  Wilson,  Chief  Engineer  of 
the  Bureau  of  Public  Roads,  representing  the  Depart- 
ment of  Agriculture;  H.  M.  McCullough,  Consulting 
Architect  of  the  Dunn  Wire-Cut  Lug  Brick  Co. ;  Harry 
McCreary,  Road  Engineer  of  Florida;  E.  J.  Mehren, 
Editor,  "Engineering  News-Record";  Harry  T.  Shelley, 
Chief  Engineer  of  the  Eastern  Clay  Products  Associa- 
tion ;  Geo.  W.  Tillson,  Consulting  Engineer  of  the  Dunn 
Wire-Cut  Lug  Brick  Co. ;  James  C.  TravlUa,  Consulting 
Engineer  of  the  Dunn  Wire-Cut  Lug  Brick  Co. ;  C.  C. 
Barr,  of  the  Barr  Clay  Co. ;  S.  M.  Duty,  of  the  Medal 
Paving  Brick  Co.;  R.  T.  Hutchins,  of  the  Mack  Manu- 
facturing Co. ;  0.  W.  Renkert,  of  the  Metropolitan  Pav- 
ing Brick  Co. ;  M.  B.  Greenough,  Secretary  of  the  Na- 
tional Paving  Brick  Manufacturers'  Association;  G.  0. 
Bowles,  of  the  Mack  Manufacturing  Co. ;  F.  B.  Dunn,  of 
the  Dunn  Wire-Cut  Lug  Brick  Co. ;  and  J.  W.  Hall,  of 
the  Westport  Paving  Brick  Co. 


WISCONSIN  ROAD   SCHOOL 

The  annual  road  school  of  the  Wisconsin  Highway 
Commission  will  be  held  at  Madison  throughout  the 
week  commencing  Jan.  23. 

These  meetings  are  attended  by  the  engineers  of  the 
State  Highway  Department  and  by  many  county  road 
officials.     The  attendance  last  year  was  about  900.     It 
is  expected  that  there  will  be  an  exhibition  of  road  nia 
chinery  in  connection  with  the  school. 


PERSONAL  MENTION 


0.  J.  Brookshire  has  been  appointed  city  engineer  of 
Lebanon,  Ind. 

G.  W.  Courter  has  been  appointed  county  engineer 
of  Palo  Pinto  County,  Texas. 

C.  E.  Tilton  has  resigned  as  town  engineer  of  Phillips- 
burg,  N.  J.,  effective  Dec.  31. 

P.  R.  Hodgdon  has  been  appointed  assistant  to  the 
city  engineer  of  Joplin,  Mo. 

William  N.  Blsberg  has  been  appointed  city  engineer 
of  Minneapolis,  Minn.  He  was  formerly  assistant  city 
wigineer. 

H.  G.  Sours,  Deputy  County  Engineer  of  Summit 
County,  Ohio,  has  been  appointed  resident  state  highway 
engineer  for  that  county. 

J.  Gresham,  formerly  county  engineer  of  Caldwell 
County,  Texas,  has  been  appointed  county  engineer  of 
Travis  County,  Texas. 

L.  M.  Shu  maker  has  been  appointed  a  resident  engi- 


neer of  the  Tennessee  State  Highway  Department,  with 
headquarters  at  Erwin. 

Wm.  T.  Petennan,  a  highway  conti'aetor  of  St.  Lan- 
dry, La.,  has  been  appointed  chairman  of  the  Louisiana 
State  Highway  Commission. 

C.  Gray  has  been  appointed  chief  engineer  of  the 
Indiana  State  Highway  Commission.  He  has  been  act- 
ing chief  engineer  for  several  months. 

L.  E.  Barker  has  been  appointed  engineer  of  the  High- 
way Commission  of  Yavapai  County,  Arizona.  Mr.  Bar- 
ker was  formerly  county  engineer  of  Pima  County, 
Arizona. 

William  C.  Walker,  for  the  past  ten  years  construc- 
tion engineer  and  superintendent  of  the  Bureau  of 
Highways  of  Altoona,  Pa.,  has  resigned  to  enter  road 
contracting  at  HoUidaysburg,  Pa. 

E.  L.  Miles,  County  Road  Superintendent  of  Victoria 
County,  Ontario,  Canada,  has  been  appointed  county 
engineer.  He  will  continue  to  act  as  road  superinten- 
dent, with  headquarters  at  Lindsay. 

Charles  0.  Boyd  has  resigned  as  district  highway  en- 
gineer of  Raleigh  County,  West  Virginia,  to  become 
resident  engineer  for  the  Carolina  Engineering  Co.  on 
street  work  in  Wilmington,  N.  C. 

B.  D.  Dean  has  been  appointed  resident  engineer 
of  the  inter-county  bridge  over  the  Columbia  River  be- 
tween Pasco  and  Kennewick,  Wash.  He  was  formerly 
deputy  engineer  in  the  office  of  the  county  engineer  of 
King  County,  Washington. 

W.  T.  Chollar,  formerly  of  the  advertising  department 
of  the  Atlas  Portland  Cement  Co.  and  later  with  the 
Lakewood  Engineering  Co.,  is  to  become  the  eastern  rep- 
I'escntativc  of  the  W.  B.  Conkey  Co.,  Hammond,  Ind., 
printers  and  publishers. 


PUBLICATION 


A.  S.  T.  M.  TENTATIVE  STANDARDS,  1921.  Cloth  or  papr, 
6x9  in.,  S18  pages,  illustrated.  Published  by  the  American  Society 
for  Testing  Materials,  1315  Spruce  St.,  Philadelphia,  Pa.  Paper, 
$Soo;  cloth,  $6.00. 

The  1921  edition  of  this  annual  publication  of  the 
American  Society  for  Testing  Materials  contains  127 
tentative  standards  for  the  testing  of  materials,  of 
which  23  relate  to  cement,  lime,  gypsum  and  clay  prod- 
ucts ;  12  to  petroleum  products  and  lubricants ;  and  28 
to  road  materials.  The  society's  tentative  standards 
are  printed  for  one  year  or  more  for  the  purpose  of 
eliciting  criticism  for  the  benefit  of  the  committee  con- 
cerned in  the  preparation  of  a  final  report  embodying 
a  specification  for  formal  adoption  by  the  organization. 
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Concrete  Roads 
must  be  Reinforced 

It  is  demonstrated  beyond  doubt  that  to 
make  concrete  roads  proof  against  heavy  motor 
traffic,  weather  and  time  a  fabric  of  .steel 
must  be  incorporated  in  the  concrete. 

Several  great  States  have  so  ruled. 

American 
Steel  and  Wire  Company's 

Concrete 
Reinforcement 

Fulfills   Every    Engineering   Requirement 

Send  for  our  book  on  road  building 
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^tate^  Trunk  Line  No,  ij 

in  Kilbournt  H'isconun. 
Maintained  with  annual 
treatments  of  ^'Tarma-h" 
since  iot6 


Good  Roads  that  Grow  Better 


MOST  people  are  satisfied  when  the 
roads  stay  "as  good  as  new."  But 
not  so  the  Road  and  Bridge  Committee  of 
Columbia  County,  Wisconsin. 

They  build  good  roads  to  start  with  and 
then,  by  far  -  sighted  but  inexpensive  main- 
tenance with  "Tarvia-B, "  make  those  good 
roads  better  every  year. 

This  extract  from  their  letter  will  be  of 
interest  to  all  highway  officials: 

"Our  experience  in  successfully  maintaining 
our  macadam  roads  with  "Tarvia-B"  is  due  not 
only  to  the  excellence  of  your  product,  but  also  to 
the  rule  we  follow  in  Columbia  County  of  surface 
treating  macadam  roads  in  good  condition  and 
giving  them  additional  treatments  of  Tarvia 
annually. 

"  During  the  past  couple  of  years,  we  have  used 


clean  limestone  screenings  ^4"  size  as  a  covering 
after  applying  the  Tarvia.  We  believe  we  are 
adding  just  a  little  more  Tarvia  surface  each 
year  than  the  traffic  wears  off,  as  we  have  several 
macadam  roads  in  this  county  that  have  lieen 
annually  treated  with  "Tarvia-B"  for  the  past 
six  years  and  are  in  better  condition  at  the 
present  time  than  they  were  when  first  treated 
with  Tarvia." 

The  use  of  Tarvia  re-enforces  the  road  sur- 
face and  makes  it  waterproof,  frost-proof, 
mudless,  dustless  and  automobile-proof.  A 
road  maintained  with  Tarvia  pays  for  itself 
over  and  over  again. 

Tarvia  is  a  coal-tar  preparation,  made  in  a 
number  of  grades  to  meet  construction,  main- 
tenance and  repair  problems. 

Illustrated  booklet  describing  the  various 
Tarvia  treatments  free  on  request. 
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For  Road  Construct/on 
^  Rppair  and  Maintenance 


GOOD  ROADS  SHOW 

Visit  our  booth  at  the  Coliseum, 
Chicago,  111.,  during  the  Good 
Roads  Show  of  the  A,  R.  B.  A. 

January  16-20,  1922. 
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The  Washington  Bridge  in  Connecticut 


A  large  highway  bridge  known  as  the  Washington 
Bridge  has  been  constructed  over  the  Housatonie  River 
between  the  Towns  of  Milford  and  Stratford  by  the  Con- 
necticut State  Highway  Department.  Work  was  started 
on  the  structure  in  July,  1919,  and  the  bridge  was  opened 
to  traffic  on  Nov.  11,  1921.  This  bridge  is  of  the  open 
.spandrel  reinforced  concrete  type,  and  is  the  first  bridge 
in  the  state  to  be  supported  on  concrete  piles.  Prom  end 
to  end  the  superstructure  «s  867.33  ft.  long,  consisting 
of  two  girder  approach  spans,  five  100-ft.  ribbed  arch 
spans  and  one  175-ft.  steel  double  leaf  bascule  span. 

The  decking  of  the  bridge  is  63  ft.  in  width  and  is 
supported  on  columns  resting  upon  the  backs  of  the  arch 
ribs  on  the  maim  part  oj^  the  bridge.  There  are  two  8-ft. 
sidewalks  and  a  43-ft.  roadway,  the  latter  carrying  a 
double-track  trolley.  The  paving  on  the  draw  span  is 
wood  block,  and  that  on  the  rest  of  the  bridge  a  3-in. 
asphalt  pavement.  The  handrail  is  of  the  open  panel 
type,  cast  in  place  and  consisting  of  a  1 :2j/2  :/4  mixture 
of  cement,  granite  chips  and  copper  furnace  slag.  An 
ornamental  house  on  brackets  will  be  placed  on  each 
draw  pier,  one  to  be  used  for  the  operation  of  the  bascule 
span  and  the  other  for  a  comfort  station. 


In  building  this  bridge,  25,000  cu.  yd.  of  concrete  were 
placed,  with  1,250,000  lb.  of  reinforcing  steel,  which  came 
to  the  job  bent  and  ready  to  place.  The  centering  used 
for  the  arches  was  of  light  steel  truss  construction,  sup.- 
ported  in  place  only  at  the  ends  next  to  the  piere  on 
timbers,  striking  wedges  ahd  posts.  Forms  for  the  con- 
crete were  made  in  panels  in  the  sawmill  and  set  up  and 
braced  in  place  on  the  job.  The  bascule  span  includes 
1,626,000  lb.  of  structural  steel. 

In  the  foundations  there  are  1,565  concrete  piles,  rang- 
ing in  length  from  24  to  49  ft.  These  were  cast  on  the 
job  and  sunk  in  place  by  jetting  and  hammering  to  rock 
or  to  refusal.  For  sinking  the  piles  a  driver  was  used 
equipped  with  steel  extension  leads  and  a  30-ft.  oak  fol- 
lower attached  to  a  5-ton  steam  drop  hammer.  In  con- 
junction with  the  hanuner  a  powerful  jet  was  used.  Af 
many  as  34  piles  were  put  down  in  an  8-hour  shift.  The 
cut  off  elevations  for  the  heads  of  the  piles  were  at  — 20 
for  the  west  abutment,  — 32  for  the  draw  piers  and  —24 
for  piers  Nos.  1  and  4.  Pier  No.  5  and  the  east  abutment 
rest  directly  on  rock.  The  concrete  in  the  footings  among 
the  pile  heads  and  up  to  an  elevation  of  — 6  was  placed 
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by  tremie ;  then  the  cofferdams  were  unwatered  and  the 
balance  of  concrete  placed  in  the  dry. 

Construction  operations  on  this  bridge  proceeded  as 
follows:  First  the  excavation  for  the  pier  footings  was 
made.  Where  piles  were  to  be  used,  excavation  was 
carried  deeper  to  allow  for  the  displacement  of  the  piles. 
Material  excavated  and  found  suitable  for  fill  was  placed 
in  the  cinbaukments  at  the  ends  of  the  bridge ;  unsuitable 
material  dredged  was  dumped  at  sea.  After  the  piles 
in  one  footing  were  all  in  place,  they  were  enclosed  by 
driving  a  steel  cofferdam  around  them. 

In  the  placing  of  the  underwater  concrete,  a  tremie 
was  used  with  a  1 :2 :3  mix.  This  tremie  was  constructed 
on  the  job  and  consisted  of  12-iu.  flange  jointed  pipe 
with  a  sheet  steel  hopper  at  the  top  or  above  the  water 
end.  and  was  su-spended  from  two  10-ton  chain  falls  used 
tc  operate  the  tremie.  These  chain  falls  were  made  fast 
to  timbers  on  a  storage  hopper  of  4  cu,  yd.  capacity  whose 
discharge  gate  opened  into  the  tremie  hopper.  The  tremie 
was  so  located  on  the  side  of  the  storage  hopper  as  to 
permit  the  removal  of  the  tremie  by  raising  it  with  the 
derrick.  The  storage  hopper  was  built  on  skids  and 
moved  about  on  carrj'ing  timbers  across  the  cofferdam. 
The  consistency  of  the  concrete  was  kept  as  stiff  as  would 
flow  through  the  discharging  gate  of  the  storage  hopper. 

In  operation  the  tremie  was  raised  clear  of  the  water 
and  a  wooden  cap  made  of  two  1-in.  boards  with  a  ring 
of  rubberoid  for  a  gasket  was  placed  over  the  end  to  be 
submerged,  this  cap  being  kept  in  position  until  th(^ 
tremie  was  lowered  beneath  the  surface  of  the  water, 
when  the'  pressure  kept  it  in  place.  Then  the  tremie 
was  fillet!  with  concrete  and  raised  slightly  by  the  chain 
falls,  thus  permitting  concrete  to  flow  out  slowly  at 
the  l>ottom.  The  tremie  was  kept  filled  from  the  storage 
hopper.  By  this  method  concrete  was  placed  at  the  rate 
of  200  cu.  yd.  a  day.  When  the  cofferdams  were  un- 
w^atered  the  concrete  showed  very  little  laitance.  After 
the  water  was  lowered,  the  concrete  was  washed  immedi- 
ately with  a  ho.se. 

A  floating  mixing  plant  supplied  concrete  to  the  job. 
Sand  and  stone  were  received  from  scows  and  the  mixer 
discharged  into  bottom  dump  buckets  of  1  cu.  yd. 
capacity  which  were  handled  to  place  by  means  of  a 
derrick  on  a  lighter  nearbj-.  After  placing  the  concrete 
up  to  an  elevation  of  — 6,  where  the  dams  were  un- 
watered, the  concrete  was  placed  in  them  up  to  — 2, 
where  the  granite  facing  begins  and  where  the  mix 
changed  to  1 :3 :5.  The  granite  was  laid  up  and  backed 
with  concrete,  two  courses  at  a  time,  up  to  the  spring 
line  of  the  arches,  at  -{-11  elevation.  Here  the  super- 
structure begins  and  the  mix  was  changed  to  1 :2  -A.  Each 
of  the  arch  8pan.s  consists  of  six  reinforced  concrete  ribs. 

Centers  for  two  complete  spans  of  six  ribs  each  were 
used  on  the  job.  One  set  was  used  twice ;  the  other  three 
times.  These  centers  were  set  up  in  place  by  a  lighter 
and  upon  them  the  rib  forms  set  up  and  the  reinforcing 
placed.  The  column  basis  on  the  backs  of  the  arch  ribs 
were  cast  with  the  rib.    Two  or  three  ribs  were  poured 


in  one  span  before  pouring  the  ribs  in  the  next  span. 
The  centering  was  left  in  place  28  days  in  the  first  three 
spans  and  21  days  in  the  other  ribs. 

While  the  centers  were  in  place  and  after  the  ribs  were 
]ioured,  the  column  beam  and  decking  forms  were  set  up ; 
then  the  columns  were  poured  up  to  the  beam  bottoms. 
After  the  centers  were  lowered  the  beams  and  decking 
wore  poured.       Concrcto  in  the  ribs  was  chutcd  in  ])lace  ; 


THE  WASHINGTON  BRIDGE  CARRYING  THE  BOSTON 
POST  ROAD 

that  in  the  columns,  beams  and  decking  was  placed  by 
buggies.  After  the  roadway  decking  was  completed,  the 
curbs,  sidewalks  and  base  of  handrails  were  poured. 

The  bridge  was  built  luider  the  direction  of  the  State- 
Highway  Department  and  under  the  direct  supervision 
of  Division  Engineer  E.  C.  \V«lden.    John  Smith  was  the 
resident  engineer,  reporting  to  Mr,   Welden. 


GOVERNOR  MILLER  OF  NEW  YORK 

REVIEWS  STATE  HIGHWAY  WORK 

In  his  annual  message  to  the  New  York  Ijegislature  on 
Jan.  4,  Goveinor  Miller  reviewed  the  road  work  done  in 
the  state  in  1921  as  follows: 

"During  the  past  year  618  mi.  of  new  state  highways 
have  been  constructed  as  compared  with  246  mi.  the  year 
before;  202  mi.  reconsti'ucted  as  compared  with  99  mi. 
the  year  before,  and  7,479  mi.  maintained  as  compared 
with  7,259  mi.  the  year  before.  There  are  395  mi.  of 
roiid.s  needing  reconstruction  and  it  will  be  necessary  to 
construct  2,257  mi.  of  new  roads  to  complete  the  con- 
nected system  of  state  roads  of  11,300  mi.  adopted  by  the 
legislature  last  year.  The  bond  moneys  for  now  con- 
struction will  be  practically  exhausted  this  year.  Unless 
a  referendum  to  i.ssue  additional  bonds  be  submitted  to 
the  ])eople,  which  I  do  not  ndvi.se,  it  will  be  necessary  to 
complete  the  system  fi'oiii  current  revenues.  That  will 
mean  a  considerable  increase  for  a  number  of  years  in 
the  appropriation  for  new  construction  as  well  as  for 
maintenance.  That  increase  will  have  to  be  met  either 
from  an  increase  in  reveinies  from  somt;  apy)ropriate 
source  or  by  direct  tax.  That  work  has  been  prosecuted 
during  the  past  year  with  unremitting  vigor  and  there 
should  be  no  relaxation  of  effort  to  complete  the  highway 
system  of  the  state.  A  completely  improved  system  of 
state  highways  with  the  development  of  motor  transport 
will  help  solve  our  problems  of  transportation  and  food 
distribution." 
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Facing  Facts  in  Highway  Estimates  * 

Standard  Estimate  of  Cost  Forms  Prepared  and  Advocated   by   the   Kentucky 
Association  of  Highway  Contractors  to  Facilitate   the  Making 

of  Road  Work  Estimates 


What  is  cost?  What  is  profit?  The  first  contractor 
answers:  "Cost  is  labor  and  materials.  Profit  is  the  re- 
mainder of  the  contract  price. ' '    Wrong. 

The  second  contractor  says:  "Cost  is  every  item  of 
expense  that  I  incur  on  my  job.  Profit  is  the  remainder 
of  the  contract  price."    Right. 

The  cosf  of  an  item  is  the  sum  of  the  expenses  involved 
in  its  production  up  to  the  moment  at  which  cost  is 
determined. 

Profit  is  that  part  of  the  contract  price  which  remains 
after  the  cost  has  been  deducted. 

These  are  fundamental  principles  of  cost  engineei'ing 
and  must  be  borne  in  mind  by  the  contractor  who  is  to 
make  a  success  in  his  business. 

Every  contractor,  as  every  factory  and  merchant,  needs 
some  one  in  his  organization  to  ascertain  absolutely  his 
cost  to  produce  every  item  entering  into  his  business ;  not 
|to  guess  for  him  what  that  item  will  cost  in  the  next  job, 
but  to  teU  him  what  it  did  cost  in  the  last  job  or  in  the 
'  last  two  or  three  or  ten  jobs.  It  ifi  impossible  for  the 
Association  to  do  this  for  every  member,  but  it  is  pos- 
sible to  furnish  him  the  means  whereby  he  may  accurately 
and  definitely  estimate  what  the  next  job  will  cost  when 
lie  has  definite  knowledge  of  the  cost  of  his  last  job. 

Pacing  the  Facts 
For  this  purpose  we  have  prepared  a  Standard  Esti- 
late-of-Cost  Form  which  is  being  distributed  to  mem- 
bers of  the  Kentucky  Association  of  Highway  Contractors 
j_and  to  other  contractors  doing  business  in  the  State  of 
Kentucky.    This  form  is  not  put  out  as  a  perfect  article, 
but  does  purport  to  be  the  best  that  is  available  at  this 
•  time.     It  is  so  arranged  as  to  cover  each  of  the  major 
operations  entering  into  road  construction  in  such  detail 
that  the  estimating  of  a  job  is  almost  automatic  if  the 
bidder  knows  the  proper  amounts  to  place  in  the  blanks, 
tn  this  form  it  is  attempted  to  place  squarely  before  the 
pidder  every  item  of  cost  which  is  ordinarily  encountered, 
but  if  he  does  not  make  provision  in  his  estimate  for  each 
Item  listed  as  well  as  for  everj'  unusual  item  not  listed, 
be  is  simply  placing  himself  in  the  class  of  the  ostrich 
lat  buries  its  head  in  the  sand  in  an  effort  to  conceal 
Itself.    In  reality  he  fools  nobody  but  himself. 

Remember  this :  No  estimate  is  complete  that  does  not 

ake  into  consideration  every  element  of  expense  that 

ill  immediately  or  eventually  be  considered  as  part  of 

lie  cost.    Everything  is  cost  except  the  money  the  job 

puts  into  your  pocket  after  all  expenses  are  paid.    Round 

ttumbers  are  the  cloak  of  ignorance ;  definite  figures  form 

jthe  basis  of  action. 

♦From  the  "Bulletin"  of  the  Associated  General  Contractors. 


Class  of  Work 


OH 


(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 


1.     Clearing  and  Grubbing 

Foreman,  per  day 5 

Men at  $ ... .  per  day 

Men,  ....  at  i ... .  per  day 

Men, at  $ per  day 

Teams at  $ per  day 

Explosives  (include freight,  tax  and  haul) 
Equipment  operation 


Daily  operating  expense $. 

(h)    Multiply  by  no.  of  days  to  clear  and  grub  . 


(i)     Add  proper  per  cent  of  operations  14  and 
15   


Net  cost  of  operation  1 $ . 

Divide  by  ....  acres. 

Net  cost  per  acre $. 

Net  profit  ....  per  cent 


Bid  price  per  acre. 


(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(J) 

(k) 

(1) 

(m) 

(n) 


2.  Pipe  Culverts 

Earth  excavation,  ....  <:u.  yds.  at  $ $ . 

Roclt  excavation,  ....  cu.  yds.  at  $ 

(See  operations  4  and  5.) 

Pipe,  . ....  ft.  at  $ P.O.B 

Pipe ft.  at  $ F.O.B . 

Pipe ft.  at  I F.O.B 

Breakage  

Freight  and  war  tax 

Unloading  and  hauling  to  job 

Laying f t.  at  ? 

Sand,   ....  tons  at  $ 

Cement,  ....  bbls.  at  | 

Backfilling cu.  yds.  at  ?. . .  ., 

Temporary  detours   

Proper  per  cent  of  operations  14  and  15  . 


Net  cost  of  operation  2 $ . 

Divide  by lin.  ft. 


Net  cost  per  lin.  ft $ . 

Net  profit,  ....  per  cent 


(a) 
(b) 
(c) 
(d) 
(e) 
(f) 


(g) 

(h) 

(1) 

(J) 

(k) 

(1) 

(m) 

(n) 

(o) 


Bid  per  lin.  ft ?. 

3.  Timber  Piles 

Foreman,  per  day | . 

Men at  ?  per  day 

Men  on  leads at  $ per  day 

Engine  man,  per  day. 

Fireman,  per  day 

Fuel,  il,  etc.,  per  day 


Daily  operating  expense 

Divide  by  average  daily  output. 

Operating  expense  per  lin.  ft 

Piles ft.  at  { ?. . . . 

Freight  and  war  tax 

Unloading  and  hauling 

Preparing  stick ft.  at   $ . 

Cutting  off  ... .  piles  at  $ 

Moving  equipment  between  setups  . 
Add per  cent  of  operations  14 

and  15 


Total  of  (i)  to  (o>. 


*In   each   operation   the  total   in   Column   A  multiplied  b]r  the  totsl  is 
Column  B  equals  the  total  in  Column  C. 
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Divide  by lin.  ft. 

Add  to  (h) $. 


Net  cost  per  lin.  ft. %. 

Add  loss  of  cut-off  (not  measured) 


Total  cost  per  lin.  ft. $ . 

Net  profit,  ....  per  cent 


Bid  price  per  lin.  ft $ 

4.  Earth  Excavation  (if  wet,  add  pumping,  cofferdam, 
etc.) 

(a)  Foreman,  per  day $ 

(b)  Men, at  $ per  day 

(c)  Men, at  $ per  day 

(d)  Men, at  $ per  day 

(e)  Teams at  I ... .  per  day 

(f)  Snaicb  team at  $ per  day 

(g)  Plowing,  per  day 

(h)    lx>ading,  per  day 

(1)     Hauling,  per  day 

(j)     Dumping,  per  day 

(k)    Lost  time  on  (h),  (1)  and  (J)  per  day 

(1)     Equipment  operation  per  day 


Dally  operating  expense %. 

(m)  Divide  by  average  daily  yardage. 

(n)    Operating  expense  per  cu.  yd $. 

(o)    Staking  entire  job i 

(p)    Clear  and  grub  (not  in  operation  1) 

(q)    Sloping ft.  at  $ 

(r)    1  rimming ft.  at  I 

(8)    Shoulders, ft.  at  $ 

(tj    Ditching, ft.  at  t 

(u) '  Rolling, days  at  | 

(V)    Add  per  cent  of  operations  14  and 

15   ....: 


Total  of  (o)  to  (V) $. 

(w)  Divide  by   cu.  yds.     ' 

(X)    Add  to   (n) 


Net  cost  per  cu.  yd f . 

Net  profit per  cent 


(a) 
(b) 
(c) 
(d) 
(e) 
(O 
(g) 
(h) 
(1) 
0) 
(k) 
(1) 


(m) 

(n) 

(o) 

(P) 

(Q) 

(r) 

(■) 


Bid  price  per  cu.  yd $ 

Rock  Excavation  (if  wet,  add  pumping,  cofferdam, 
etc.) 
Foreman,  per  day $ 


Men, 
Men,  . 
Men,  . 
Teams 
Stripping, 


at  $ per  day . 

at  j. . . .  per  day 

at  j per  day 

. .  at  $ ... .  per  day 

per  day 

Equipment  operation,  per  day 

Explosives  (include  freight,  tax  and  haul) 

Protecting  shots,  per  day 

Sledging  and  loading,  per  day 

Hauling,  per  day 

Pumping,  per  day 


Daily  operating  expense $. 

Divide  by  average  daily  yardage. 

Operating  expense  per  cu.  yd f . 

Staking  entire  Job $ 

Clear  and  grub  (not  in  operation  1) 

Trimming,  ft.  at  | 

Ditching ft.  at  I 

Add  per  cent  of  operations  14  and 

15    


Total  of  (o)  to  (») $. 

(t)    Divide  by cu.  yds. 

(n)    Add  to  (n) 


Net  cost  per  cu.  yd 

Add    per  cent  for  overbreakage 
measured)    


(not 


Total  cost  per  cu.  yd J. 

Nfet  profit,  ....  per  cent 


Bid  price  per  cu.  yd 

0.  Cement 

(a)  Gross  price  per  bbl | . 

(b)  Credit  sacka % per  bbl. 


(c)    Credit  discount,  |....  per  bbl. 


(d)    Total  credits | deduct 


(e)    Add  sack  loss  per  bbl. 


bbls.  cement  at $ $ . 

Freight  and  war  tax 

Unloading  and  hauling  to  job 

Storing  and  rehandling  ....  bbls 

Return  freight  and  tax  on  sacks 

Demurrage   

Waste,  ....  per  cent 


N6t  cost  of  operation  6 1 . 

Divide  by  quantity bbls 


(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 


Net  cost  per  bbl { 

(Do  not  add  profit  here.) 
Sand  or  Fine   Aggregate    (see  also  Operation  9) 


tons  at  $ I . 

Freight  and  war  tax 

Demurrage 

Unloading  and  hauling  to  job 

Rehandling  from  stock  pile 

Waste  ....  per  cent 

Add  per  cent  of  operations  14  and  15 


Net  cost  of  operation  7 | 

Divide  by  quantity  ....  tons 

Net  cost  per  ton % 

(Do  not  add  profit  here.) 
8.  Gravel,  Stone  or  Coarse  Aggregate  (see  also  Opera- 
tion 9) 

(a)    tons  at  $ $ 

(b)  Freight  and  war  tax 

(c)  Demurrage 

(d)  Unloading  and  hauling  to  job 

(e)  Rehandling  from  stock  pile. 

(f )  Waste  ....  per  cent 

(g)  Add  per  cent  of  operations  14  and  15 


(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 

(h) 
(1) 
(j) 
(k) 


(1) 

(m) 

(n) 

(o) 

(P) 


(q) 
(r) 


(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 


Net  cost  of  operation  8 $ . 

Divide  by  quantity  ....  tons 

Net  cost  per  ton $ . 

(Do  not  add  profit  here.) 

9.  Quarrying  and  Crushing 

Foreman,  per  day $. 

Men at  $ per  day 

Men,  ....  at  i . . . .  per  day 

Men at  $ ... .  per  day 

Teams at  | per  day 

Equipment  operation,  per  day 

Explosives    (including   freight,    tax    and 

haul) 

Protecting  shots,  per  day 

Sledging  and  loading,  per  day 

Hauling,  per  day 

Pumping,  per  day 


Daily  operating  expense |. 

Divide  by  average  dally  tonnage 

Operating  expense  per  ton |. 

Clear  and  grub(  see  operation  1)  .| 

Stripping 

Add  per  cent  of  operations  14  and 

15 

Total  of  (n)  to  (p) | 

Divide  by  ....  tons $ . 

Add  to  (m) j. 


Net  cost  per  ton | . 

(Do  not  add  profit  here.) 

10.  Reinforcement 

Reinforcement,  ....  lbs.  at  $ |. 

Freight  and  war  tax 

Unloading  and  hauling 

Rehandling  from  stock  pile 

Cutting 

Bending    

Add  per  cent  of  operations  14  and  15 


Net  cost  of  operation  10 $. 

(Continued  on  page  44) 
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LOWER  CONSTRUCTION  COSTS 

In  keeping  with  the  general  recession  of  prices,  road 
construction  costs  during  the  past  year  have  been  ma- 
terially reduced.    This  fact,  in  conjunction  with  the  more 
favorable  money  situation  and  the  consequent  ability  of 
states  and  counties  to  market  their  bonds  with  compara- 
|ve  ease,  makes  the  outlook  for  increased  road  work  for 
lie  coming  year  exceedingly  bright.     In  the  beginning 
1921,  the  country  had  not  yet  recovered  from  its  in- 
bxication  of  high  prices  and  excessive  money  rates,  and 
lie  political  subdivisions  of  this  country  experienced  con- 
iderable  difficulty  in  mai'keting  many  million  dollars 
road  and  bridge  bonds,  and  if  they  did  market  their 
9nd8,  they  were  confronted  by  abnormal  high  construc- 
|on  costs.    Toward  the  middle  of  the  year  interest  rates 
id  construction  costs  began  to  recede,  and  while  much 
pad  work  was  able  to  be  accomplished,  the  delay  experi- 
iced  in  the  first  part  of  the  season  greatly  diminished 
lie  total  amount  of  road  work  that  would  have  been  done 
ad   more   favorable   conditions   obtained   in   the   first 
larter  of  1921. 

A  concrete  example  of  how  greatly  road  construction 

Dsts  have  receded  during  the  past  year  is  given  by  Clif- 

^rd  Older,  Chief  Highway  Engineer  of  Illinois,  in  last 

eek's  issue.    Mr.  Older  says : 

'A  general  idea  of  the  downward  trend  of  road  con- 

iction  costs  since  the  first  Illinois  letting  last  year, 

eld  in  February,  may  be  gained  from  the  fact  that  the 

price  of  pavement  at  that  time  averaged  $2.36  per  square 

yard  without  cement,  whereas  at  the  letting  held  on 


Oct.  4,  1921,  the  price  per  square  yard  averaged  $1.70 
without  cement.  The  average  cost  per  mile  for  concrete 
pavement,  including  cement,  was  $39,120  on  Feb.  18, 
1921;  on  Oct.  4  this  was  reduced  to  $28,540  per  mile. 
Excavation  prices  have  been  reduced  from  56  ct.  per 
cubic  yard  average  price  on  Feb.  18  to  26  ct.  per  cubic 
yard  average  price  on  Oct.  4.  Class  A  concrete  has  been 
reduced  from  $26.29  per  cubic  yard  on  Feb.  18  to  $16.83 
per  cubic  yard  on  Oct.  4.  A  comparison  of  these  same 
lettings  shows  that  reinforcing  steel  has  been  reduced 
from  6.1  ct.  per  pound  to  3.94  ct.  per  pound,  and  struc- 
tural steel  from  7.7  ct.  per  pound  to  5.2  ct.  per  pound." 
These  reductions  in  road  and  brige  construction  costs 
in  the  case  of  Illinois  amount  to  nearly  forty  per  cent. 
Thus,  where  it  was  possible  to  build  a  mUe  of  road  a 
year  ago,  it  is  now  possible  to  build  close  to  two  miles  at 
the  same  price.  Similar  reductions  in  road  construction 
costs  are  reported  from  all  parts  of  the  country,  and  as 
a  result  of  the  greatly  lowered  prices,  states  and  counties 
are  preparing  large  road  programs  for  1922. 


ROAD  WORK  IN  NEW  YORK 

During  1921  the  State  of  New  York  constructed  618 
mi.  of  highways,  according  to  the  annual  message  of 
Governor  Miller  to  the  State  Legislature  on  Jan.  4,  as 
compared  with  246  mi.  constructed  in  1920.  This  in- 
crease of  road  building  activity  is  typical  of  most  of  the 
states  of  the  Union,  each  year  more  money  is  being 
spent  to  improve  the  highways  in  the  United  States. 

A  problem  which  is  common  to  many  states,  is  pointed 
out  by  Governor  Miller,  in  connection  with  ways  and 
means  for  financing  new  improvements.  Governor  Miller 
says:  "The  bond  moneys  for  new  construction  will  be 
practically  exhausted  this  year  and  unless  a  referendum 
to  issue  additional  bonds  be  submitted  to  the  people, 
w'hich  I  do  not  advise,  it  will  be  necessary  to  complete 
the  system  from  current  revenues.  That  will  mean  a 
considerable  increase  for  a  number  of  years  in  the  ap- 
propriation for  new  construction  as  well  as  maintenance. 
That  increase  will  have  to  be  met  either  from  an  increase 
in  revenues  from  some  appropriate  source  or  by  a  direct 
tax." 

The  problem  of  financing  highway  work  is  becoming 
more  important  each  year.  Many  states,  like  New  York, 
have  iasued  large  amounts  of  road  bonds,  on  which  they 
are  paying  interest  and  retiring  the  principal.  The  is- 
suing of  road  bonds  may  well  be  used  as  means  for  a 
state  to  secure  funds  quickly  with  which  to  start  the 
construction  of  a  system  of  improved  highways,  but  since 
the  interest  on  the  bonds  often  doubles  the  cost  of  the 
roads  built,  if  the  state  can  avoid  issuing  additional 
bonds,  its  highway  system  will  be  constructed  at 
much  less  cost.  The  suggestion  of  Governor  Miller,  that 
no  new  road  bonds  should  be  issued,  but  that  funds  for 
future  road  work  should  be  secured  by  "an  increase  in 
revenues  from  some  appropriate  source  or  by  a  direct 
tax,"  is  a  matter  which  ought  to  be  carefully  weighed  by 
other  states  before  issuing  large  amounts  of  road  bonds. 
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YACONa  FACTS  IN  HIGHWAY  ESTIMATES 
(Continued  from  page  42) 

Divide  by  quantity  ....  lbs 

Net  cost  per  lb $ 

Net  profit  ....  per  cent 


Bid  price  per  lb $ . 

11.  Concrete — In  Bulk 


(a)  *Cement 
(b) 'Sand  . . 

(c)  •Grayel 
•Table  1 

(d)  Water  . 

(e)  Waterproofing 

(f)  Labor 


.  bbls.  at  J $ . 

tons  at 

tons  at  $ 


galB.  at  I 

.  lbs.  at  %. 


Concrete cu.  yds.  at  $....,..$ 

Moving  equipment  between  setups 

Drains lln.  ft.  at  $ 

Expansion  Joints ft.  at  $ 

Lumber ft  B.  M.  at  $ 

Freight  and  war  tax  on  lumber 

(m)  Unloading  and  hauling  to  job 

(n)    Contract  labor  ....  sq.  ft.  at  $ 

Hardware  ....  lbs.  at  | 

Parafline  oil,  etc 

Wrecking  and  cleaning  forms  sq.  ft 

at  f 

If  in  concrete  price,  add  following: 

Excavation  ....  cu.  yds.  at  | 

Backfilling  ....  cu.  yds.  at  $ 

Finishing  .      .  sq.  ft.  at  | 

Coring  . . .  men  at  $ . . .  per  day  . . .  days 

Curing  ....  water  ....  gals,  at  | . 


(S) 
(h) 
(1) 
(1) 
(k) 
<1) 


(o) 
(P) 
(«) 


(r) 
(•) 
(t) 
(u) 

(V) 


(w)  Add  per  cent  of  operations  14  and  16 . 


Net  cost  of  operation  11 $ . 

Divide  by  quantity  ....  cu.  yds 

Net  cost  per  cu.  yd $. 

Net  profit  ....  per  cent 


Bid  price  per  cu.  yd I 

(U  not  more  than  one  class  to  be  estimated,  use 

additional  blanks.) 
(To  convert  from  cu.  yd.  to  sq.  yd.,  see  table  3) 
12.  Stone  Base 

Stone  (operation  8  or  9)  $ per  ton.  .$ 

Hehandling  from  stock  or  bin,  $. .  per  ton  

Spreading,  $ . . . .  per  ton 

Watering  (labor,  teams  and  water)  $. .  . . 

per  ton .^ 

Rolling,  $ per  ton 

Waste per  cent  J . . . .  per  ton 


(m) 
(b) 

(c) 
(d) 

(e) 
(f) 


(g)    tons  at  $ per  ton f . 

(ta)    Preparation  of  subgrade,  labor  and  teams  . 
(I)     Add  per  cent  of  operations  14  and  15 


Net  cost  of  operation  12 $. 

Divide  by  quantity  ....  tons 

Net  cost  per  ton $ . 

Net  profit per  cent 


(B) 

(b) 
(c) 
(d) 

(«) 

(t) 
(K) 

<h) 
(1) 
ti) 
(k) 
(1) 


Gross  $ . 
Disct.    . 


Bid  price  per  ton % 

13.  Wearing  Surface 
f  .  .tons  at  |. 

Surface  material    ■{  ■■^*'-   ^^  '■ 

[..M     at  I.. 

Freight  and  war  tax 

Unloading  and   hauling 

R«handling  from  storage 


Net  |. 


at  $. 


Applyingj--^""" 
or  laying  1         ^'■ 

Dry  mortar  bed . . . 
Dry  mortar  bed  . . . 

Dry  mortar  bed 

Dry  mortar  bed , . . 

Rolling days  at  t 

Expansion  Joints (t  at  | 

Routing sq.  yds.  at  t 

Demurrage  


tons  sand  at  $. 

bis 

cement  at  I . . . 
labor 


'St*   "An    0«kUl    Kental    Schedule,"   The    Bulletin    of    tbe   A     a    C. 
Fibi—ry,  1921,  Snpplencnt,  paces  48  and  49. 


(m)  Waste  . .  per  cent 

(n)    Add  per  cent  of  operation  14  and  15 

Net  cost  of  operation  13 $ 

(  . . . .  tons        ) 
Divide  by  quantity  ) gals.        [ 

(  . . .  .  sq.  yds.    ) 

Net  cost  per  unit 

Net  profit    

( ton         •\ 

Bid  price  per  ]  gal.         ( $ 

(  sq.  yds.  ) 
14.  Job  Overhead    (expense  Incurred  directly  on  ac- 
count of  this  job) 

(a)  Rental  of  land,  buildings  and  water  sup- 

ply   $ 

(b)  Construction    or    rental   of   tracks   and 

trestles   

(c)  Hauling  and  loading  equipment,  supplies 

and  teams   

(d)  Freight  and  war  tax  on  same 

(e)  Unloading  and  hauling  to  job 

(f)  Lost  time  of  equipment  in  transit  days 

at  $  

(g)  Erection  and  moving  of  camp,  including 

water  supply,  bins,  crushers,  equip- 
ment,  etc 

(h)  Return  of  equipment  to  storage  ^irom  all- 
season  job  or  last  job  of  season) 

(1)     Cost  of  all  hand  tools 

(j)     Hiring  and  transporting  labor 

(k)    Loss  on  camp  operatton 

(1)     Building     and      maintaining     temporary 

roads  and  detours 

(m)  Inconvenience  and  keeping  road  open  to 

travel 

(n)    Maintaining  road  until  acceptance 

(o)  Insurance,  compensation  and  public  lia- 
bility     

(p)    Insurance,  fire  (on  job  only) 

(q)    Insurance,  payroll  (on  job  only) 

(r)    Insurance,  tornado  (on  job  only) 

(8)    Insurance,  other  (on  job  only) 

(t)  Contingencies — delays  due  to  railroad  em- 
bargoes, fires,  strikes,  breakdowns, 
failure  of  water  supply,  unusually  bad 
weather,  etc 

(u)    Equipment  rental  charge    (Table   1*) 

(v)  Wages  of  superintendent,  material  clerk, 
time-keeper,  water  boy,  watchman 
and  all  regular  employees  on  this  job 
not  charged  above 

(w)  Travelling  (including  auto)  and  hotel  ex- 
pense   

(x)    Bond  l^^  per  cent  of  amount  of  bid 

(y)    Association   fee    

(z)    Discount  on  warrants — interest  on  notes 

(aa)  Patent  royalties  

(ab)  Other  job  overhead 

Net  cost  of  operation  14 $ 

(Do  not  add  profit  here.)     Be  sure  total  cost 
of   job  overhead   is   distributed    in   Opera- 
tions 1  to  13 
15.  General  Overhead 

....  per  cent  of  amount  of  bid 

(Expense  of  doing  business,  whether  you 
get  this  job  or  not.  General  Overhead  is  ex- 
pressed as  a  percentage  of  your  average  an- 
nual business  income.  Thus,  il"  your  contracts 
In  an  average  year  are  ?500,000.00  and  the 
operation  of  your  main  oflice,  regular  monthly 
employees,  and  fixed  expenses  off  the  Job  Is 
$25,000  your  overhead  is  5  per  cent.  You 
should  then  include  in  every  bid  a  cost  item 
of  5  per  cent  of  the  amount  of  your  bid  to 
reimburse  you  for  general  overhead.  This 
is  part  of  your  COST  and  not  of  your  profit. 
See  suggested  list  of  General  Overhead  Items 
following  Table  4.)  Be  sure  total  cost  of 
General  Overhead  is  distributed  in  Operations 
1  to  13. 

Net    cost    of    Operations  1  to  15  (ex- 
clusive of  .profit) 
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RECAPITULATION 

(Use   only   to   check   Bond,    Association   Fee, 
General  Overhead,  etc.) 

Net   cost  of   Operations   1   to   15    (ex- 
clusive of  profit) % 

Net  cost  of  other  items  bid  on   (not 
included  above)    


Total  net  cost  of  job | . 

Net  profit  ....  per  cent 

Total  amount  of  bid | . 


(See  if  bond,  Association  fee,  General  Over- 
head, etc. — Operations  14  and  15 — 
represent  proper  percentage  of  total 
amount  of  bid.) 


Bulletin    o£    the    A.    G.    C, 


•See    "An    Official    Rental    Schedule,"    The 
February,   1921,  Supplement,  pages  48  and  49. 

TABLE  2 

Quantities  of  Loose  Material  for  a  Cubic  Yard  of  Concrete 

(1  bbl.  cement  equals  4  cu.  ft. — percentage  of  voids  45  per  cent) 


Class  of  Concrete 


Class  A 
Class  B 
Class  C 
Class  D 
Class  E 


Gravel  or 

Cement 

Sand 

broken  stone 

Bbls. 

Cu.  yds. 

Cu.  yds. 

1.51 

0.45 

0.89 

1.24 

0.46 

0.92 

1.06 

0.47 

0.94 

1.74 

0.52 

0.77 

1.74 

0.52 

0.77 

(No  allowance  made  for  waste.) 
TABLE  3 
1  cu.  yd.  concrete=9.00  sq.  yds.  if  4"  deep. 
1  cu.  yd.  concrete=7.20  sq.  yds.  if  5"  deep. 
1  cu.  yd.  concrete=6.00  sq.  yds.  if  6"  deep. 
1  cu.  yd.  concrete=5.14  sq.  yds.  if  7"  deep. 
TABLE  4 
Some  of  Items  to  be   Included  in   Determining  General  Over- 
head 
(See  Operation  15) 
(Analyze  your  own  business  for  additional  items.) 


Total 
for  year 

Acquisition  of  new  contracts  (Include  railroad  and 
hotel  expenses)  $ 

Advertising 

Automobile  expense,  maintenance  and  depreciation 

Bad  accounts  

Depreciation  and  obsolescence  of  buildings  (not  Job 
buildings)    

Donations 

Dues  to  business  organizations 

Insurance  on  buildings  (not  Job  buildings) 

Insurance,  public  liability  and  compensation  on  office 
force  and   executives 

Insurance,  boiler 

Insurance,  corporation  

Interest  on  invested  capital  (not  including  equipment)   

Interest  on  borrowed  money 

Interest  on  accounts  overdue 

Interest  on  cash  in  bank 

Licenses 

Licenses   

Main  office  expense — rent,  light,  heat,  water,  toilet 
supplies,  telephone,  telegrams,  printing,  stationery, 
postage,    trade    magazines 

Maintenance  and  repairs  of  buildings  (not  Job  build- 
ings)     

Plans    

Salaries  of  officers  and  executives  (not  in  item  (y)  op- 
eration  14)    

Salaries  for  fees  of  legal  advisers 

Salaries  and  wages  of  employees  in  main  office 

Taxes,  income  and  profits , 

Taxes,  corporation 

Taxes,  real  estate   

Taxes,  personal  property 

Other  general  overhead  costs 

Total    general    overhead f 

Divide  by  average  annual  business  income 

your  general  overhead 


The  Coordination   of   Highway    Research 


By   W.    K. 

The  nielliods  of  science  depend  upon  measurement  and 
instruments,  and  training  in  the  use  of  them.  I  have 
been  told  that  the  beginning  of  modern  road  construction 
in  this  country  coincided  with  the  return  of  the  late 
Professor  Shaler  of  Massachusetts  from  France  with  cer- 
tain instruments  devised  for  the  testing  of  road  material. 
These  instruments  were  also  the  introduction  to  highway 
engineering  of  the  late  Logan  Waller  Page,  afterward 
the  head  of  the  Office  of  Public  Roads. 

I  do  not  wish  to  say  that  the  data  of  research  will 
solve  all  highway  problems,  because  some  of  the  elements 
are  not  to  be  measured,  such,  for  instance,  as  community 
welfare,  safety  and  social  values.  Indeed  there  are 
regions  where  road  expenditures  justify  themselves  even 
if  not  one  ton  of  freight  were  hauled  over  the  roads.  But 
yet  the  commercial  traffic  in  freight  truck  and  high  speed 
passenger  bus  service  is  now  with  us,  and  the  consequent 
problems  are  within  the  realms  of  science. 

Men  charged  with  the  responsibility  for  the  wise  ex- 
penditure of  vast  public  funds,  and  functioning,  as  at 


♦Extract  of  paper  presented  at  annual  meeting  of  American 
Association   of   State   Highway   Officials. 

tDirector,  Advisory  Board  on  Highway  Research,  National 
Research   Council. 


HAXT  t 

times  they  do.  both  as  administrators  and  as  engineers, 
and  creating  a  new  and  rapidly  growing  branch  of  civil 
engineering  will,  however,  be  interested  in  the  discussion 
of  highway  research,  whose  function  it  is  to  gather  to- 
gether in  a  systematic  and  disinterested  way  that  in- 
formation upon  which  highways  may  be  built  which  will 
be  suitable  to  the  physics  of  the  situation  and  which  will 
represent  capital  wisely  invested  rather  than  consumed, 
also  economical  in  the  end. 

The  National  Research  Council 
The  National  Research  Council  was  created  during  the 
World  War  to  mobilize  the  inventive  genius  and  the  re- 
search workers  for  the  more  rapid  development  of  in- 
struments of  scientific  warfare.  After  the  war  the  Re- 
search Council  was  perpetuated  by  executive  order  of 
President  Wilson,  and  attached  to  the  National  Academy 
of  Sciences,  which  itself  was  incorporated  after  the  Civil 
War  by  federal  charter  as  an  institution  of  reference, 
available  to  the  Government  for  the  settlement  of  scien- 
tific questions.  This  Research  Council  does  no  research 
work  directly,  but  supports  and  encourages  research  and 
coordinates.  It  does  not  prepare  standards  or  formulate 
specifications.    It  is  organized  into  divisions  representing 
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the  various  mechanical  and  natural  sciences,  including 
i-ugiueering,  one  each  of  which  is  represented  by  ap- 
propriate national  societies.  On  the  Advisory  Board  on 
Highway-  Research  of  the  Division  of  Engineering  are 
represented  those  societies  that  deal  with  the  vehicles 
as  well  as  with  the  road,  and  the  federal  departments. 
The  chairman  is  Dean  Marston,  a  member  of  the  High- 
way Conunission  of  Iowa,  and  James  H.  MacDonald, 
Chief  of  the  Bureau  of  Public  Roads,  is  a  member  of  the 
Executive  Committee. 

I  shall  assume,  therefore,  in  advance,  your  support  of 
Highwaj'  Research  and  also  your  knowledge  of  the  vari- 
ous parts  of  the  field  of  highway  research,  namely, 
eeoDomics,  operation,  design  and  construction,  in  each  of 
which  data  must  be  secured.  A  chart  of  this  has  been 
shown  and  discussed  in  the  magazine  Public  Roads,  pub- 
lished by  the  Bureau  of  Public  Roads,  from  which  the 
complexity  of  this  field  may  be  evident. 
The  Nature  of  Research 

Allow  me  to  mention  one  by-product  of  research  work, 
namely,  the  bringing  together  of  men  of  apparently  con- 
flicting interests  and  those  in  controversy  arising  from 
misconception.  Against  the  background  of  research,  and 
a  common  effort  to  determine  facts,  acrimonious  disputes 
are  quieted,  mere  opinions  are  held  in  abeyance  under 
the  benign  influence  of  the  research  for  truth.  The  pro- 
moter and  salesman  drift  into  the  background. 

Then,  too,  how  often  has  one  of  us  seen  foremen  or 
inspectors  quickened  to  greater  vigilance  and  study  when 
standard  tests  arc  applied  to  a  material  like  concrete, 
and  relative  workmanship  of  operators  is  shown  by  some 
standard  like  the  results  of  tests  of  field  cylinders. 

Research  work  when  confined  to  the  laboratory  may  be 
incomplete,  often  barren,  and  has  been  at  time  mislead- 
ing. Something  more  than  routine  reception  and  control 
test*  of  materials  is  needed  in  a  complete  program.  Re- 
search is  something  more  than  a  demonstration  to  prove 
n  theory  or  support  an  argument  as  in  a  law  suit.  It  is 
as  big  as  outdoors,  and  needs  the  cooperation  of  the 
ongineers  of  design  and  construction  as  well  as  the  testing 
cx|)crt. 

The  researcher,  also,  njay  proceed  by  statistics  when 
he  determines  maintenance  and  other  operating  costs  of 
road  and  vehicle,  collects  data  of  accidents  and  conducts 
traffic  studies. 

We  have  in  the  past  confined  our  attention  too  closely 
to  the  materials  of  construction.  Now  we  are  alive  to 
the  need  for  research  on  the  more  extensive  element  of 
highway  transport,  the  vehicle,  and  on  the  mutual  rela- 
tions of  the  vehicle  and  the  road. 

The  simplest  cJass  of  research  is  that  wherein  the  in 
fluencc  of  a  certain  element  upon  a  result  is  sought,  as 
for  instance,  the  effect  of  water-content  upon  the  strength 
of  mortar,  or  of  s[)ced  of  operation  of  the  testing  machine 
upon  the  strength  of  steel,  oi-  of  bitumen-content  upon 
the  penetration  test.  Such  work  demands  a  carefully 
prepared  working  plan  and  systematic  operations  and 
known  conditions      The  tester  knows  in   advance  the 


element  he  has  to  deal  witli,  and  by  a  mechanical  process 
arranges  his  tests  so  as  to  isolate  each  variable  clement 
and  allow  it  to  operate  on  the  results.  Of  this  class  is 
also  the  work  of  standardizing  methods  of  tests,  so  that 
operators  in  different  laboratories  may  accept  or  reject 
materials  uniformly.  This  class  of  experimenting  is  with 
in  the  reach  of  a  careful  man  with  technical  training,  and 
demands  only  ordinary  research  ability.  Here  lies  a 
useful  field  of  work  for  the  testing  department  of  the 
state  commissions  in  the  winter  time — to  develop  signifi- 
cant tests  for  new  materials  and  study  their  nature. 

A  somewhat  more  difficult  class  of  test  is  that  in  which 
a  construction  is  submitted  to  loads  like  those  of  service 
to  determine  either  mechanical  principles  operating  or 
else  empirical  coefficients  to  aid  the  designer.  The  class 
requires  a  higher  research  ability  and  experience,  more 
imagination,  a  keener  analysis,  and  an  organizing  ability. 

For  example,  the  experimental  road  two  miles  long  de- 
signed by  Clifford  Older,  Chief  Highway  Engineer  of 
Illinois,  and  the  Pittsburg  Steel  Company,  and  engi- 
neered by  Messrs.  Leonard  and  Aldrich,  of  San  Fran- 
cisco, are  attempts  to  subject  a  variety  of  types  of  pave- 
ment to  an  accelerated  test  and  show  a  very  high  degree 
of  scientific  technique.  At  Pittsburg  the  traffic  amounts 
to  10,000  trucks  a  day,  at  an  operating  expense  of  $500 
a  day ;  the  total  expense  may  amount  to  $150,000.00.  An 
example  that  came  under  the  speaker's  observation  was 
the  oval  track  near  Berlin.  Germany,  where  in  three 
Jiionths  service  any  railway  track  could  be  evaluated. 

One  aspect  of  tests  of  field  construction  on  a  large 
scale  presents  a  difficulty  in  that  these  tests  are  in  the 
public  eye,  and  are  often  of  an  experimental  nature  in 
which  constructions  are  loaded  with  a  view  to  failure. 
These  expected  failures  may  be  twisted  by  interested 
])ersons  to  mislead  the  layman,  and  be  represented  as  a 
normal  case.  Again,  in  such  tests  of  construction,  l)ut 
which  become  evident  for  the  first  time  and  which  we 
know  permit  the  designer  to  provide  for  them  intelli- 
gently. And  yet  these  deformations  may  be  wrongly  u.sed 
as  an  argument  against  the  type  under  study,  rather 
than  as  a  basis  for  improved  ilesigns  of  this  type.  It  is 
this  aspect  of  experimental  roads  which  may  explain 
the  reluctance  of  producing  interest  to  cooperate  in  such 
research  work. 

The  large  scale  experiments  demand  cooperation  be- 
tween industry,  the  engineei-  and  the  trained  researcher. 
There  is  always  a  danger  of  attempting  too  much.  The 
program  is  subject  to  a  change  of  plan  during  tlic  test, 
because  apparently  no  one  is  wise  enoxigh  to  foresee  all 
conditions,  in  an  unknown  field.  Yet  with  all  these  draw- 
backs, probably  the  most  useful  field  of  research  is  in  the 
examination  of  the  fundamental  laws  governing  the  be- 
havior of  consti-uctions.  .\  fruitful  field  of  research  is  on 
subsoils,  finding  out  what  characteristic  of  each  soil  it 
is  that  detei'mines  its  properties  and  evaluating  them 
so  that  an  engineer  can  examine  a  soil  and  then  intel- 
ligently design  a  road  to  carry  the  load  over  the  soil,  or 
know   what   to    do    to    improve    its   supporting    power. 
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Another  example  is  the  study  of  the  laws  of  deformation 
of  stiff  slabs  under  loads,  and  the  methods  of  reinforcing 
these  economically. 

It  appears  to  the  speaker  that  experiments  on  a  large 
scale  are  necessary  in  each  locality.  The  conditions  of 
soil,  climate  and  available  materials  are  so  different  in 
this  wide  country  that  the  findings  of  one  state  cannot 
be  used  entirely  in  another.  The  skilled  engineer  is 
needed  to  design  a  road  as  he  designs  anything  else.  Just 
now  he  is  forced  to  work  without  adequate  data. 

An  interesting  and  valuable  field  of  research,  also,  is 
in  the  department  of  maintenance,  not  only  for  a  correct 
principle  of  maintenance  for  each  type,  but  also  in  the 
economics  of  maintenance. 

Finally  the  research  data  must  be  obtained  by  dis- 
interested agencies,  by  scientists  who  do  not  sell  an  idea 
to  themselves,  by  trained  experimenters  who  know  from 
their  experience  the  many  pitfalls  and  blind  alleys  in 
this  field.  A  part  of  our  present  data  is  incomplete,  and 
belongs  in  the  discard.  Truth  does  not  grow  on  every 
bush  to  be  picked  by  the  passer-by. 

In  the  course  of  a  rapid  survey  of  the  field  in  the  States 
of  Connecticut,  Pennsylvania,  Michigan,  Illinois,  Wis- 
consin, California  and  Washington,  I  have  become  aware 
of  very  substantial  and  praiseworthy  research  activities 
in  the  state  organizations,  and  of  the  existence  of  a  large 
mass  of  research  data,  much  of  which  should  be  un- 
covered for  the  benefit  of  all.  As  it  is  now  there  seems 
to  be  no  well  defined  channel  of  commimication  between 
the  state  highway  commissions  in  respect  to  information 
of  research,  and  of  experiences  in  this  rapidly  growing 
field.  It  is  not  too  much  to  say  that  decisions  involving 
large  sums  of  money  are  now  made  that  would  be  quali- 
fied if  existing  information  were  made  available. 

We  need,  therefore,  first  of  all,  a  census  of  research, 
and  second,  a  research  information  service,  to  be  circu- 
lated among  the  states,  counties  and  cities,  by  which  the 
data  may  be  marshalled,  boiled  down,  and  put  in  useful 
form ;  and  by  which  researchers  may  know  what  others 
are  doing.  For  instance,  three  laboratories  were,  un- 
known to  each  other,  investigating  the  strength  of  plain 
concrete  under  fatigue.  Several  isolated  attempts  are 
being  made  to  design  and  test  experimental  concrete 
roads  involving  a  heavy  investment  in  the  aggregate  over 
a  half  million  dollars.  Many  traffic  surveys  are  planned 
without  a  clear  idea  of  the  purpose  to  be  served  and 
the  significant  data  to  be  taken,  or  the  devices  for  ex- 
pediting the  work.  I  do  not  say  that  it  is  not  well  to 
have  several  evi)erimenters  working  independently  in  one 
research,  but  their  efforts  would  meet  with  greater  success 
if  communication  were  established. 

Thirdly,  and  most  important,  the  people  will  be  sers-erl 
if  the  state  commissions  will  recognize  research  as  the 
Bureau  of  Public  Roads  does  and  give  formal  status  tj 
a  research  and  experiment  division  attached  to  the  test 
department  and  tied  up  closely  with  the  departments 
of  design,  construction  and  maintenance.  My  observation 
is  that  in  the  staff  of  state  highway  organizations  there 


are  men  of  the  research  type  with  the  curiosity  and  the 
enthusiasm  that  lead  a  man  to  investigate  unknown 
places,  but  who  are  now  over-burdened  with  executive 
duties  or  tied  down  to  routine  work.  Research  men  are 
not  of  the  type  of  builders  who  want  action.  They  are  of 
the  student  type. 

Now,  research  work  that  is  adequate  to  solve  present 
day  ])roblems  cannot  be  done  at  odd  moments,  or  by 
"trouble  shooters",  or  by  over-burdened  executives  with 
one  ear  to  the  telephone  and  the  other  to  visitors.  Re- 
search demands  some  isolation;  a  man  must  live  in  it, 
and  have  time  for  that  slow  and  somewhat  unconscious 
mental  process  that  suddently  crystalizes  into  clear  con- 
ceptions of  the  operation  of  nature's  laws.  The  re- 
searcher must  have  time  for  careful  planning,  for  the 
patient  overcoming  of  experimental  difficulties,  and  for 
close  supervision  of  the  work. 

Is  it  not  possible  for  the  states  to  provide  a  division  of 
research  for  field  and  laboratory  research,  and  for  the 
collecting  and  analyzing  of  statistics  as  an  addition  to  the 
division  of  control  testing  ?  Is  it  not  a  duty  ?  Two  states 
with  approximately  the  same  climatic  conditions,  traffic 
density,  and  of  nearly  the  same  stage  of  development, 
adopt  radically  different  types  of  construction,  which  will 
determine  the  future  well  being  of  highway  transport. 
Decisions  should  rest  upon  the  laws  of  engineering  and 
economics.  Our  20-billion-dollar  highway  transport  in- 
dustry must,  like  any  other  industry,  succeed  upon  the 
basis  of  exact  information. 

Fourthly,  in  order  that  there  may  be  coordinated  at- 
tack, a  map  of  the  field  of  research  should  be  spread  out, 
similar  in  aim  to  the  chart  drawn  by  the  speaker  in  the 
article  referred  to.  In  this  each  worker  may  find  his  best 
field  of  effort,  which  is  often  a  local  problem.  How  often 
have  we  seen  universities  seek  for  a  field  when  material 
for  research  is  waiting  at  their  doors  in  the  shape  of 
traffic  studies  and  analysis  of  cost  of  transport.  Profes- 
sor Dougherty  of  the  University  of  Tennessee  has  shown 
us  the  value  of  work  right  at  home. 

I  would  make  a  plea  for  a  closer  union  between  the 
state  highway  organizations  and  the  universities.  Call 
the  professors  to  conference,  they  will  then  more  intel- 
ligently direct  the  efforts  of  the  students  whom  later  you 
will  employ ;  and  these  professors  will  assist  in  working 
out  some  of  your  problems. 

Plan  for  Action 

I  have  indicated  that  the  frozen  assets  of  research  of 
the  state  organizations  can  be  liquidated  by  the  recog- 
nition of  the  research  function  by  the  states  and  by  the 
use  of  the  universities,  many  of  which  have  experiment 
stations  organized  for  such  service.  The  Bureau  of  Pub- 
lic Roads  is  undoubtedly  the  most  active  agency  for  high- 
way research  and  the  chief  vitally  interested  in  this  phase 
of  the  highway  problem ;  the  remarkable  achievements  of 
A.  J.  Goldbeck,  in  charge  of  tests  and  investigations  of 
this  bureau,  have  attracted  the  attention  and  admiration 
of  the  entire  country.  Workers  are  also  found  in  other 
federal  departments,  the  counties,  the  cities,  and  the  in- 
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doBtricB.  In  particular,  the  recently  organized  research 
departnient  of  the  Society  of  Automotive  Engineers 
under  the  direction  of  Dr.  Dickinson,  is  devoted  to  re- 
search in  the  vehicle  as  related  to  the  road.  Since  twelve 
dollars  are  spent  on  the  vehicle  where  one  dollar  is  spent 
on  the  road,  there  is  rwnn  for  research  on  the  vehicle,  if 
we  are  to  cut  down  the  transport  bill. 

Now,  all  these  agencies  which  work  directly  in  the  field 
or  else  on  collateral  problems,  should  be  coordinated.  I 
do  not  know  of  any  organization  so  well  designed  for 
this  purpose  as  the  Advi.sory  Board  of  Highway  Research 
of  the  National  Research  Council.  This  Board  has  been 
active  since  Augu«t,  1921,  and  has  so  far  been  studying 
the  best  plan  of  action.  It  works  through  committees 
representing  the  field  of  (H>onomics.  operation,  design  and 
construction.  Messrs.  Agg,  Mattimore  and  Goldbeck  head 
three  of  the  committees.  The  contact  of  the  Advisory 
Board  with  the  states  will  best  be  through  the  committees 
of  this  organization.  A  committee  which  will  prepare 
a  uniform  cost  accounting  system  for  maintenance,  and 
collect  significant  data,  will  advance  the  economics  of 
highway  transport.  It  is  a  matter  to  be  thought  out  care- 
fully if  a  useful  end  is  to  be  served. 

If  the  Advisorj'  Board  can  unlock  the  resources  of 
highway  research  and  coordinate  pur  efforts,  as  I  believe 
it  can,  functioning  as  the  directing  organization,  addi- 
tional financial  support  must  be  secured.  This  supporl 
must  lx>  from  disiiitcrested  agencies.  As  yet  the  work 
of  the  Advisory  Board  is  to  be  adequately  financed. 

It  is  hoped  that  the  state  commissioners  may  find  it 
possible  to  cooperate  with  the  National  Research  Council, 
as  the  Bureau  of  Public  Roads  and  the  Engineering 
Foundation  are  now  cooperating,  by  some  form  of  agree- 
ment or  contract  under  which  the  state  may  find  co- 
operative funds  available  and  payable  to  the  National 
Research  Council  for  services  in  supplying  information 
and  directing  that  research  will  be  to  the  benefit  of  the 
taxpayers  of  the  state. 


ROAD  SAFETY  ESSAY  PRIZES  OFFERED 

To  teach  the  younger  generation  the  necessity  of  ob- 
serving care  in  using  the  highways,  a  plan  has  been 
launched  by  the  Highway  Trnsport  Education  Commit- 
tee to  induce  school  children  to  write  essays  on  the  sub- 
ject and  to  encourage  grammar  school  teachers  to  pro- 
mote such  efforts  among  their  pupils.  The  contest  is 
endorsed  by  the  United  States  Bureau  of  Education,  and 
many  prizes  have  been  offered  by  the  National  Auto- 
mobile Chamber  of  Commerce. 

For  the  child  writing  the  best  essay  on  ''How  I  Can 
Make  the  Highways  More  Safe"  there  is  an  award  of 
a  gold  watch  and  a  trip  to  Wshington,  D.  C. 


Orange  County,  Florida,  expects  to  use  the  proceeds 
of  the  sale  of  a  $2,250,000  road  bond  issue  for  the  con- 
■tmction  of  the  Mount  Dora  and  Plymouth  Highway, 
15  mi.  in  length,  and  for  the  construction  of  the  balance 
of  the  county's  system — some  50  mi.  in  all. 


MEETINGS 

Calendar  of  Coming  Meetings 
Jan.     17-19 — Iowa     Engineering    Society. — Thirty- 
fourth  Annual  Meeting,  Sioux  City,  Iowa.     Secretary, 
L.  A.  Canfield,  Des  Moines,  la. 

Jan.  17-19 — Associated  General  Contractors  of  Amer- 
ica— Third  Annual  Meeting,  Hotel  Winton,  Cleveland, 
Ohio.  General  Manager,  R.  C.  Marshall,  Jr.,  1038  Mun- 
sey  Bldg.,  Washington,  D.  C. 

Jan.  17-20,  1922. — American  Road  Builders'  Associa- 
tion.— Nineteenth  Annual  Convention,  Twelfth  Amer- 
ical  Good  Roads  Congress  and  Thirteenth  Good  Roads 
Show  under  the  auspices  of  the  A.  R.  B.  A.,  The  Coli- 
seum, Chicago,  HI.  Secretary,  E.  L.  Powers,  11  Waverly 
Place,  New  York,  N.  Y. 

Feb.  12-17 — Conference  on  Highway  Engineering. — 
Eighth  Annual  Conference,  University  of  Michigan,  Ann 
Arbor,  Mich. 


The  Kansas  Engineering  Society  at  its  annual  meeting 
on  Dec.  22  elected  the  following  officers :  president,  Lloyd 
B.  Smith;  vice-president,  P.  L.  Brockway;  secretary- 
treasurer,  J.  M.  Averill;  directors,  H.  S.  Putney  and  P. 
J.  Ruckel. 


The  Wisconsin  Mineral  Aggregate  Association  elected 
the  following  officers  at  its  annual  meeting  on  Dec.  15: 
president,  J.  K.  Jensen;  vice-president,  .John  D.  Ort; 
secretary-treasurer,  I.  M.  Clicquennoi;  directors,  E.  E. 
Gillen.  R.  C.  Brown,  Arthur  Blair  and  L.  Laun. 


UNIFORM  ROAD  SIGNS  URGED 

The  Bureau  of  Public  Roads  urges  the  necessity  of 
standardizing  direction  and  warning  signs  along  the  high- 
ways of  every  state  in  the  Union.  The  recommendation 
is  made  for  the  consideration  of  highway  officials,  auto- 
mobile organizations,  municipal  officials  and  others  inter- 
ested. 

By  standai-dization  of  all  highway  danger  signs,  the 
department  believes  automobile  accidents  may  be  les- 
sened. Deaths  from  automobile  accidents  have  nearly 
doubled  since  1915,  and  the  rapid  increase  of  such  acci- 
dents, it  is  felt,  can  be  appreciably  cheeked  by  the  adop- 
tion of  standard  danger  signs,  easily  read  and  distinctive, 
long  American  highways. 

A  tourist  at'  the  present  time  will  sec  almost  as  many 
kinds  of  signs  as  there  are  states  he  visits.  Also,  in  some 
cases,  the  style  of  sign  changes  in  going  from  one  count  i 
to  another. 


A  Bill  was  Recently  introduced  in  Congress  providing 
for  the  transfer  of  1,500  five-ton  tractors  to  the  Secre- 
tary of  Agriculture  for  distribution  to  the  various  states 
for  H.se  in  road  work. 
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Concrete  Roads 
must  be  Reinforced 

It  is  demonstrated  beyond  doubt  that  to 
make  concrete  roads  proof  against  heavy  motor 
traffic,  weather  and  time  a  fabric  of  steel 
must  be  incorporated  in  the  concrete. 

Several  great  States  have  so  ruled. 
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Steel  and  Wire  Company's 

Concrete 
Reinforcement 

Fulfills   Every    Engineering   Requirement 
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Left:   Application  of 
HARD-N-TYTE  to 
Concrete  Road 


Talbot-Jones  rattler,  showing 
test  slabs  in  position 


If  the  wear  on 
Concrete  Roads 
could  be  reduced  309^^ 

wouldn  V  //  be  worth  while  finding  out  how  to  do  it  ? 


For  over  twenty  yean  the  Gen- 
era] Chemical  Compaor  ba<  been 
at  tlie  fore  front  of  chemical 
reaearcli  and  manolacture  in 
this  cotsatry.  Hard-n-tyte  ts  the 
lateat  contribution  of  its  splendid 
staff  ojf  chemists.  It  is  the  soc- 
ctMfal  result  of  long  search  for 
a  concrete  hardener  that  really 
hardens  the  surface  and  material- 
ly increases  its  life.  It  enables 
engineers  and  contractors  to  de- 
lirer  a  qnality  o{  concrete  work 
far  in  adTtace  of  anything  that 
ha*  been   possible  heretofore. 


THIS  test  was  made  by  the  engineers 
of  the  General  Chemical  Company. 
The  specimens  used  were  standard 
concrete  road  slabs,  5x5x8  inches,  1-2-3 
concrete,  made  up  according  to  recom- 
mendations of  Lewis  Institute  Structural 
Materials  Research  Laboratory.  Sand 
and  gravel,  well  graded  and  of  good  qual- 
ity, were  used  as  aggregate.  Half  of  the 
slabs  were  treated  with  Hard-n-tyte  in 
two  applications.  Treated  and  untreated 
samples,  28  days  old,  were  subjected  to 
identical  wear  in  a  Talbot-Jones  rattler 
— 1800  revolutions  and  200  pound  charge 
of  iron  shot. 

Under  this  test  the  slabs  treated  with 
llard-n-tyte  showed  30%  less  wear  than 
those  not  treated.  (Note:  so  severe  was 
this  test  that  more  than  an  inch  of  con- 
crete was  worn  from  the  untreated  slabs. ) 


Hard-n-tyte  is  the  trade  name  applied  to 
pure  white  crystals  of  magnesium  zinc 
fluosilicate.  When  these  crystals  are  dis- 
solved in  water  and  the  solution  is  flushed 
over  a  concrete  road  the  surface  becomes 
flint  hard.  This  condition  is  caused  by 
the  formation  of  insoluble  and  extremely 
durable  silicates  and  fluorides  within  the 
concrete  itself. 

Concrete  roads  treated  with  Hard-n-tytc 
wear  like  mosaic.  No  raveling,  no  soft 
spots,  no  ruts ! 

Ask  for  more  information. 

General  Chemical  Company 

1708   Broad  Exchange  Bldg, 
New  York  City 


— makes  concrete  roads  wear  longer 
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The  Nineteenth  Annual  Convention  of  the 
American  Road  Builders'  Association 


Last  week  the  American  Road  Builders' -Association 
held  its  Nineteenth  Annual  Convention  and  the  Thir- 
teenth National  Good  Roads  Show  at  the  Coliseum,  Chi- 
cago, 111. 

These  sessions  of  the  convention  were  opened  Tuesdaj^ 
Jan.  17th  and  continued  until  Friday  the  20th,  and  cov- 
ered the  entire  field  of  highway  engineering  and  its  allied 
administrative,  financial  and  economic  phases. 

The  show  was  opened  in  the  Coliseum  at  8:00  P.  M. 
Jan.  16th  and  closed  at  4 :00  P.  M.  on  Jan.  20th.  This 
exhibition  was  housed  in  the  Coli-seum,  the  Coliseum  Gal- 
lery, and  the  Wilson  and  Greer  Buildings,  and  was  not 
only  pronounced  the  greatest  exposition  of  road  building 
machinery  ever  assembled  in  this  country,  but  is  believed 
to  have  been  the  greatest  collection  of  iiiacliiiio'v  of  air" 


kind  ever  brought  together  at  one  time  in  the  United 

States. 

In  point  of  numbers  the  attendance  at  the  conven- 
tion was  well  over  ten  thousand  persons.  Highway  engi- 
neers, officials,  contractors  and  others  interested  in  high- 
way development  attended  the  convention,  coming  from 
all  parts  of  the  United  States  and  Canada.  The  sessions 
of  the  convention  were  well  attended  and  much  interest 
was  shown  in  the  many  papers  on  various  highway  mat- 
ters that  were  presented. 

During  the  entire  time  the  Good  Roads  Show  was  open 
thousands  of  visitors  and  delegates  were  inspecting  the 
exhibits.  It  is  estimated  that  close  to  a  million  dollars 
worth  of  road  machinery  was  actuallv  sold  by  exhibitors, 
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to  aa>-  uothiug  of  the  many  inquiries  that  will  subse- 
quently result  in  sales. 

On  thiii  aiul  the  following  pages  a  chronological  report 
of  the  proceedings  of  the  convention  is  given,  followed 
by  a  list  of  exhibitors  and  representatives  at  the  show. 
It  is  of  particular  interest  to  know  that  the  manufac- 
turers who  made  exhibits  at  the  show  are  universally 
satisfied,  declaring  that  it  surpassed  all  expectations. 
Tuesday,  January  ITth 
The  convention  was  formally  opened  on  Tuesday  morn- 
ing with  an  invocation  by  the  Rev.  Joshua  Stansfield, 
Pastor  of  the  ilcCabe  Memorial  Church,  Chicago,  111. 

After  the  invocation,  President  Bowlby  announced  the 
appointment  of  two  committees  as  follows : 

Besolutions  Committee :  C.  S.  Lee,  Highways  Informa- 
tion Service,  New  York  City,  Chairman;  George  W.  Till- 
Bon,  Consulting  Engineer,  LaGrange,  111.;  Frank  Page, 
Chairman,  North  Carolina  State  Highway  Commission; 
A.  W.  Dean,  Chief  Engineer,  Massachusetts  Highway 
Commission ;  H.  G.  Shirley,  County  Engineer,  Baltimore 
County,  Marj'land;  W.  A.  Welch,  Chief  Engineer,  Pali- 
sades Interstate  Park  Conunission,  New  York  City; 
Frank  Terrance,  President,  Washington  State  Good 
Roads  Association,  Seattle,  Wash. 

Committee  on  the  Coordination  of  Dates  and  Location 
of  Allied  National  Conventions:  C.  M.  Upham,  Chair- 
man, Chief  Enginer,  North  Carolina  State  Highway  De- 
I)artment,  representing  the  American  Road  Builders'  As- 
sociation and  the  American  Association  of  State  High- 
way Officials;  W.  D.  Uhler,  Chief  Engineer,  Pennsyl- 
vania State  Highway  Department,  representing  the 
American  Road  Buildera'  Association  and  the  American 
Society  of  Civil  Engineers ;  R.  C.  Marshall,  Washington, 
D.  C.  representing  the  Associated  General  Contractors 
of  America  and  the  American  Society  of  Civil  Engineers. 
This  comniittce  will  endeavor  to  have  th^  three  national 
associations  represented  take  the  necessary  steps  to  hold 
their  annual  conventions  in  the  same  city  on  the  same 
<late«. 

The  address  of  welcome  on  behalf  of  the  City  of  Chi- 
cago was  delivered  by  Albert  Veeders,  Assistant  Cor- 
]>oration  Counsel  of  the  City  of  Chicago.  Frank  Ter- 
rance, President  of  the  Washington  State  Good  Roads 
Association,  responded  for  the  association. 

The  followiiisr  <-iiinniunicaf  ions  \v<'ro  then  read  by  Presi- 
dent Bowlb.x  : 
Colonel  H.  L.  Howlby. 

President   American   Road  Builders'  Association. 
My  dear  Colonel  Bowlby: 

It  is  with  profound  regret  that  I  must  decline  the  kind 
invitation  of  the  American  Road  Builders'  Association  to  at- 
tend and  address  their  Nineteenth  Annual  Convention  to  be 
held  at  Chicago  beginning  January  17th  next.  However,  your 
delegates  will  agree  with  me  that  the  present  industrial  situa- 
tion in  this  country  merits  the  closest  possible  attention  by 
Congress,  and  while  it  was  originally  my  purpose  to  be  present 
not  only  on  the  opening  day,  but  throughout  the  entire  con- 
vention, I  have  now  found  that  extreme  pressure  of  official 
boalness — especially  in  connection  with  my  duties  on  the 
Senate  Appropriations  Committee — prevents  my  leaving 
Washington  even  for  a  day  or  two. 

In  the  matter  of  sane  and  comprehensive  highway  con- 
struction, our  interests  and  wishes  are  identical.  I  trust  and 
believe  that  this  convention   will  serve  to  form   throughout 


the  country  an  even  better  understanding  of  this  important 
question,  and  to  encourage  our  present  good  roads  program. 
Mention  will  no  doubt  be  made  of  the  highway  bill  which 
became  a  law  last  November.  I  am  proud  that  my  name  is 
connected  with  this  measure,  although  in  all  fairness  tribute 
must  be  paid  to  Senator  Charles  E.  Townsend  of  Michigan, 
one  of  the  most  stalwart  champions  of  good  roads  for  many 
years,  and  who  as  Chairman  of  the  Committee  on  Post  Offices 
and  Post  Roads  had  much  to  do  toward  bringing  this  matter 
to  a  successful  conclusion.  His  support  and  influence  can 
hardly  be  measured. 

The  bill,  as  you  know,  was  originally  intended  to  remedy 
the  Inequality  existing  between  the  public-land  States  of  the 
west  and  other  sections  of  the  country,  an  inequality  caused 
by  the  presence  in  western  States  of  large  tracts  of  unap- 
propriated Federal  lands  on  which  no  taxes  were  paid,  and 
yet  which  had  to  be  traversed  by  substantial  highways.  The 
Phipps-Townsend  bill,  as  it  is  commonly  called,  provided 
that  in  such  public-land  States  the  percentage  of  contribution 
required  on  the  part  of  the  State  should  be  decreased  In  the 
proportion  which  the  amount  of  public  land  within  its  borders 
bore  to  the  total  area  of  the  State.  This  proposal  was  so  emi- 
nently fair  that,  althought  it  only  affected  ten  States  of  the 
Union,  it  received  general  support  in  Congress.  Of  course, 
the  allotments  made  to  other  States  would  not  thereby  de 
crease,  as  this  only  rendered  available  to  western  State's  funds 
set  aside  for  their  use  which  could  not  otherwise  be  secured. 
I  have  only  touched  upon  one  feature  of  this  important 
measure.  Other  liberalizing  amendments  to  the  present  law 
were  made,  including  the  provision  that  States  should  have 
two  years  instead  of  one  in  which  to  claim  their  portion  of  the 
general  fund. 

The  appropriation  made  is  significant.  In  times  of  stress 
Government  expenditures  are  ordinarily  cut  to  the  bone,  and 
to  that  doctrine  I  subscribe;  but  in  the  case  of  highway  con- 
struction $75,000,000  was  appropriated  for  use  during  the  pres- 
ent fiscal  year,  $5,000,000  additional  for  the  construction  oi 
roads  in  national  forests  this  year,  and  $10,000,000  for  similar 
purposes  during  the  following  year.  The  reason  for  these 
appropriations  is  not  hard  to  find.  Our  legislators  realized 
that  to  stop  proper  highway  construction  is  not  economy  at 
all,  but  on  the  contrary  one  of  the  worst  forms  of  extrava 
gance. 

The  Congress  felt  that  States  should  be  encouraged  in 
the  program  which  had  been  installed  and  that  a  cessation 
of  good  road  construction  at  a  time  when  so  much  should 
be  done  along  such  lines  would  be  indeed  unfortunate.  Per- 
sonally, I  would  like  to  have  seen  the  amount  fixed  at  $100,- 
000,000,  as  at  first  provided,  instead  of  $75,000,000;  but  m  any 
event   the   large   appropriation   made   speaks   for   iiseif 

It  was  my  pleasure  to  witness  the  signing  of  this  highway 
act.  As  President  Harding  affixed  his  signature  to  the  bill. 
it  occurred  to  me  that  here  was  one  measure  concerning 
which  there  was  no  question,  one  legislative  nronositlon 
which  could  not  be  called  in  any  sense  an  experiment  but 
which  represented  a  forward  step  along  sane  and  constructive 
lines. 

There  should  be  no  difference  of  opinion  as  to  the  vital 
principles  involved;  there  should  be  no  sectionalism,  no  feel- 
ing of  class  discrimination;  for,  as  a  matter  of  fact,  good 
roads  inure  to  the  benefit  of  all  our  people — the  farmer,  the 
manufacturer,  the  local  merchant  and  incidentally  the  tourist. 
Conventions  such  as  the  present  one  tend  to  promote 
proper  co-operation  in  all  parts  of  the  country,  and  I  believe 
that  acting  as  a  unit  the  people  of  the  United  States  will 
establish  at  an  early  date  a  system  of  good  roads  second  to 
none  in  the  world. 

With  all  good  wishes  for  the  success  of  your  convention, 
Yours  sincerely, 

(Signed)   LAWRENCE  C.  PHIPPS 
January  10,  1922. 
Colonel  H.  L.   Sowlby,  _ 

■  President  American  Road  Builders'  Association. 
My  dear  Colonel  Bowlby: 

I  learn  that  you  are  to  attend  the  Annual  Meeting  of  the 
American  Road  Builders'  Association  in  Chicago  next  week, 
and  am  taking  advantage  of  that  fact  to  ask  you  to  extend 
my  greetings  and  good  wishes  to  the  gathering. 

There  is  now  pretty  nearly  universal  agreement  that  no 
single  public  improvement  has  done  in  recent  years  or  will 
do  in  the  coming  years,  more  for  the  general  good  of  the 
country,  than  the  development  of  our  highway  system.  The 
task  is  an  enormous  one,  but  better  methods  both  in  physical 
construction  and  in  the  relations  of  the  community  to  high- 
way development  have  been  taking  form  in  a  most  encourag- 
ing way.     Your  own  organization  has  been  a  chief  contributor 
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in  this  direction,  and  it  is  with  much  pleasure  that  I  ask 
you  to  extend  to  its  members  my  best  wishes  for  their  con' 
tinned  suceeBs. 

Very  sincerely, 

(Signed)    WARREN   G.   HARDING. 

Following  the  reading  of  the  above  conimunications, 
President  Bowlby  gave  a  short  address  reviewing  the  his- 
tory of  the  association  and  i>ointing  out  the  relation  of 
road  development  to  national  unity. 

"Good  transportation  facilities  constitute  one  of  the 
greatest  sources  of  a  nation's  wealth, "■  said  President 
Bowlby.  "We  of  this  generation  do  not  have  to  search 
the  pages  of  history  to  appreciate  the  vital  part  that 
highways  have  played  in  our  national  development.  The 
passenger  automobile  and  the  motor  truck  industries 
which,  combined,  now  rank  third  in  America,  both  in 
capital  invested  and  in  value  of  output,  are  absolutely 
dependent  for  their  stability  and  growth  upon  good 
roads.  The  expansion  of  agricultural  production  is 
largely  a  question  of  good  roads.  This  is  true  also  of 
every  phase  of  our  industrial  development.  The  high- 
ways are  the  arteries  of  trade  and  through  them  flows 
the  blood  which  gives  to  the  nation  its  commercial  life. 
It  is  these  arteries  that  band  the  communities  together, 
foBter  the  greater  community  spirit,  develop  the  national 
unity  and  weld  the  American  people  into  a  cohesive 
whole.  And  it  is  only  by  nationalism  such  as  this  that 
America,  the  greatest  of  all  republics  and  the  nation  that 
now  enjoys  the  leadership  of  the  world,  can  hope  to  ful- 
fill that  great  mission  of  equality,  fraternity  and  eternal 
brotherhood  toward  which  the  finger  of  destiny  points 
the  way." 

The  afternoon  session  was  presided  over  by  J.  H.  Mul- 
len, Chief  Engineer  of  the  Minnesota  State  Highway  De- 
partment. This  session  was  devoted  to  the  consideration 
of  bituminous  types  of  pavementss 

The  firs  tpaper,  "Bituminous  Pavements  for  Street 
and  Road  Pavements, ' '  was  presented  by  Hugh  W.  Skid- 
more,  of  the  Chicago  Paving  Laboratory,  Chicago,  111. 
W.  A.  Welch,  Chief  Engineer  of  the  Palisades  Interstate 
Park  Commission,  New  York,  N.  Y.,  next  presented  a 
paper, ' '  Utilization  of  Local  Materials  for  Mineral  Aggre- 
gate in  Bituminous  Macadam  Roads."  Mr.  Welch  said 
that ' '  the  proper  use  of  local  mineral  aggregate  in  bitu- 
minous road  construction  means  great  economy  in  these 
days  of  high  transportation  and  labor  costs.  It  would 
be  wiser  for  the  engineer  to  carefully  study  all  available 
local  mineral  aggregate  and  prepare  his  specifications  to 
permit  the  greatest  possible  use  of  it  in  his  surfaces,  than 
to  fall  into  the  easier  method  of  copying  standard  specifi- 
cations and  so  compelling  contractors  to  import  these  ag- 
gregates arid  so  greatly  increase  costs. ' ' 

The  next  paper,  "Asphalt  Specifications — Past,  Pres- 
ent and  Future, ' '  was  presented  by  Leroy  W.  Law,  Chief 
Chemist  of  the  New  Orleans  Refining  Co.,  Inc.,  New 
Orleans,  La.  Mr.  Law  reviewed  the  development  of  pres- 
ent asphalt  specifications  and  pointed  out  that  the  con- 
sistency or  penetration  limits  in  present  specifications 
were  too  narrow. 


Roy  M.  Green,  of  the  Western  Laboratories,  Lincoln, 
Neb.,  presented  a  paper  on  "Standardized  Specifications 
for  Mineral  Aggregates  for  Asphalt  Pavements."  Mr. 
Green  emphasized  that  standard  specifications  can  not 
be  drawn  up  to  apply  to  all  sections  of  the  country  and 
discussed  the  specifications  required  in  vai'ious  types  of 
asphaltic  pavements. 

In  the  evening  the  association  gave  a  smoker  in  the 
convention  hall  at  the  Coli.seum  for  delegates  and  visit- 
oi's.    This  was  followed  by  moving  ])ietin'es. 

Wednesday,  January  18th 

C.  M.  Upham,  Chief  Engineer  of  the  North  Carolina 
State  Highway  Department,  presided  at  the  morning 
Session.  The  first  paper  was  presented  by  Thomas  H. 
MacDonald,  Chief,  U.  S.  Bureau  of  Public  Roads,  on 
"The  Highway  Outlook." 

"During  the  period  1!)10-1921,"  pointed  out  Mr.  Mac- 
Donald  "the  potential  number  of  motor  vehicles  demand- 
ing highwaj^  service  increased  more  than  1,800  per  cent 
and  our  actual  expenditures  for  road  construction  and 
maintenance  increased  about  400  per  cent.  During  the 
period  1910-1914,  motor  vehicles  increased  more  than 
1,100  per  cent  and  highway  expenditures  about  140  per 
cent.  During  the  period  1914-1921,  motor  vehicles  in- 
creased about  700  per  cent  and  highway  expenditures 
about  260  per  cent." 

Jay  Downer,  Chief  Engineer  of  the  Bronx  Parkway 
Commission,  New  York,  N.  Y.,  read  his  paper,  "Utilizing 
Small  Stream  Valleys  for  Traffice  Routes."  Mr.  Downer 
spoke  of  the  work  of  constructing  a  15-mi.  road  along  the 
Bronx  River  in  the  Bronx  River  Parkway  Reservation, 
New  York  City,  illustrating  his  paper  by  lantern  slides. 

The  next  paper, ' '  Cooperation  in  Road  Building, ' '  was 
presented  by  William  Ord,  Manager  of  the  Paving  De- 
partment of  the  Lakewood  Engineering  Company,  Cleve- 
land, 0. 

D.  C.  Fenner,  Manager  of  the  Public  Works  Depart- 
ment of  the  International  Motor  Co.,  New  York,  N.  Y., 
presented  a  paper  on  "Uniform  Legislation  as  Affecting 
Highway  Traffic  and  Highway  Transport. ' ' 

At  the  afternoon  session  M.  0.  Eldridge,  Chairman  of 
the  Roads  Board  of  the  American  Automobile  Associa- 
tion, presided. 

The  first  paper,  "Highway  Finance,"  was  presented  by 
Arthur  H.  Blanchard,  Professor  of  Highway  Engineer- 
ing and  Highway  Transport,  University  of  Michigan. 

C.  M.  Babcoek,  State  Highway  Commissioner  of  Min- 
nesota, next  presented  a  paper  on  "The  Minnesota  Ex- 
perience in  Highway  Financing." 

The  next  paper,  "The  Proposed  Wisconsin  Plan  of 
Highway  Finance, ' '  was  presented  by  A.  R.  Hirst,  State 
Highway  Commissioner  of  Wisconsin. 

C.  M.  Upham,  Chief  Engineer  of  the  North  Carolina 
State  Highway  Department,  presented  a  paper  on  "The 
Business  of  a  Highway  Commission,"  saying  in  part: 

"The  business  of  a  highway  commission  is  to  act  as 
an  agent  for  the  tax  payers,  for  the  best  economic  pur- 
chase of  roads  that  can  be  maintained  at  a  minimum  cost, 
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and  at  the  same  time,  fui'iiish  to  the  taxpayci-s  satisfue- 
toiy  means  of  transportation,  wliereby  traffic  may  operate 
at  a  miuimum  of  expense. 

"In  addition  to  seourinK  all  the  eni^ineering  facts,  the 
eoinmission  should  make  no  purchases  of  roads  before  it 
has  ac<|uainted  itself  with  the  condition  of  the  finan«ial 
market,  taking  advantage  if  possible,  of  the  proper  mar 
ket  in  the  disposal  of  its  bonds,  or  for  buying  its  materials 
or  roads  on  a  low  market.  By  studying  the  situation  and 
purchasing  and  contracting  on  a  favorable  market,  will 
mean  the  saving  of  large  amounts  of  money  for  the  tax- 
payers.' ' 

The  paper  of  Pi-evost  Hubbard,  Chemical  Engineer  of 
the  Asphalt  Association,  New  York,  N.  Y.,  on  the  "Selec- 
tion and  Pj-oportioning  of  Sands  for  Sheet  A8i)halt  Pav- 
ing Mixtures."  was  read  by  Mr.  Roscngarten  because  of 
the  illness  of  Mr.  Hubbard.  Stercopticon  views  were 
shown  to  illustrate  the  paper. 

A  paper  on  the  "Use  of  Brick  for  Street  and  Road 
Surfaces"  was  presented  by  W.  W.  Horner,  Chief  Engi- 
neer, Sewers  and  Paving,  St.  Louis,  Mo.  Mr.  Horner 
discussed  the  relative  advantages  of  lug  and  lugless  pav- 
ing brick  and  reviewed  the  work  of  the  recent  conference 
on  paving  brick  at  which  the  number  of  varieties  of  pav- 
injr  brick  was  reduced  from  66  to  11. 

At  6  P.  M.  the  president 's  dinner  to  the  pa.st  presidents 
and  directore  of  the  Association  was  given  at  the  Congress 
Hotel.  The  principal  speaker  was  F.  C.  Biggs,  Minister 
of  Public  Works  of  the  Province  of  Ontario,  Canada,  wlio 
said  in  part : 

"We  have  57,000  mi.  of  road  all  told  in  Ontario.  We 
propose  to  spend  $25,000,000  on  new  roads  this  year.  We 
have  2,000  mi.  of  improved  roads  now  under  maintenance. 
The  Dominion  Government  pays  40%  of  the  mainte- 
nance; the  Province  of  Ontario  40%  and  the  municipali- 
ties 20%.  In  municipalities  with  less  than  750  popula- 
tion, our  roads  are  built  through  the  municipality  with- 
out cost  to  the  town.  If  the  town  is  above  750  in  popu- 
lation, the  Province  pays  40%  of  the  central  20-ft. 
width. 

' '  Politics  is  not  known  in  road  construction  in  Ontario. 
We  have  no  commission  to  blame  for  anything.  The 
Minister  of  Public  Works  is  responsible  to  the  people 
from  the  floor  of  parliament.  Our  people  are  not  favor- 
able to  commiMrions.  If  the  Minister  of  Public  Works 
docs  not  make  gootl.  In-  finds  alter  the  next  election 
that  somebody  else  has  his  job. 

"All  of  the  bridge  construct!  )n  in  Ontario  of  whatever 
nature,  whether  the  bridge  be  10-ft.  long  or  1.000-ft. 
long,  is  done  by  my  department.  We  have  a  staff  of  65 
engineers  all  of  whom  are  directly  responsible  to  the  head 
of  the  department.  Of  this  staff  97%  served  with  the 
Canadian  forces  in  Flanders  oi'  France.  We  are  rather 
proud  of  our  part  in  that." 

At  8  P.  M.  the  exhibitors  gave  a  smoker  and  entertain- 
n)ent  for  delegates  and  members  in  the  convention  hall 
at  the  Coliseum.    Popular  songs  were  sung  and  several 


tianci'is  entertained   the  irucsls.  after  wliich  coffee  and 
sandwiches  were  served. 

Thursday,  January  19th 

A.  II.  Hirst,  State  Hi^'lnvay  Kiigineor  of  Wisconsin, 
presided  at  the  morning  session,  which  was  devoted  to 
ihe  considei-ation  of  conci'cto  roads. 

The  first  paj)er,  "The  Selection  of  the  Mineral  Aggre- 
gates for  Concrete  Roads,"  was  presenled  by  Uuflf  A. 
Abrams,  Director,  Structural  Materials  Research  Labora- 
tory, Lewis  instittitc,  Chicago,  111.  This  paper  will  l)e 
l)ublislied  in  a  subsequent  issue  of  GOOD  ROADS. 

H.  W.  Cruni,  State  Testing  Engineer  of  Iowa,  who  was 
scheduled  to  present  a  paper  on  "Inspection  and  Control 
of  Materials  for  Concrete  Roads,"  was  unavoidably  de- 
tained and  did  not  present  his  i)aper. 

The  second  paper,  on  the  "Importance  of  Surface 
Finish  and  Methods  of  Co}itrol, "  was  presented  by  H.  E. 
Breed,  Consulling  Engineer,  New  York,  N.  Y.  Mr. 
Breed  mentioned  five  cau.ses  of  unevenness  in  pavement 
surfaces,  viz.,  foreign  materials  in  the  aggregate  which 
fail  to  amalgamate  and  are  ousted,  leaving  holes  and 
depressions;  non-uniform  aggregate;  poor  workmanship 
in  striking  ofif  and  finishing;  ciaeks  due  to  frost  and 
other  causes ;  uneven  joints.  In  the  discussion  which  fol- 
lowed J.  A.  Grififith,  City  Engineer  of  Los  Angeles.  Cal., 
advanced  the  opinion  that  the  i)i'opei'  rolling  of  the  sub- 
gi'ade  tended  to  greatly  lengthen  the  life  of  the  surface 
finish. 

A  paper  on  "Single  Track  Concrete  Roads  for  the 
Average  County,"  was  next  presented  by  P.  C.  Mc- 
Ardle,  former  County  Highway  Superintendent  of  Ver- 
million County,  Illinois.  Mr.  McArdle  said  that  "single 
track  concrete  roads  arc  the  best  for  the  average  count.y 
to  build  at  the  present,  and  wlieii  finances  and  conditions 
permit  they  can  be  most  easil.y  widened  to  double  track 
roads,"  saying  that  Vermillion  County  during  the  past 
five  years  had  built  210  ini.  of  single  track  concrete  roads. 
In  the  discussion  which  followed  practically  every 
speaker  took  exception  to  Mr.  McArdle 's  paper,  the  con- 
sensus of  opinion  favoring  the  rediicing  of  mileage  if 
necessary  to  build  two  track  roads. 

The  last  i)apci'  to  be  presented  at  the  morning  session 
was  "Paving  Widths  for  Highways  Serving  Large 
Cities,"  by  William  F.  Cavanaugh.  County  Highway 
Engineer  of  Milwaukee  County,  Wisconsin. 

At  the  afternoon  session  A.  W\  Dean,  Chief  Engineer 
of  the  Division  of  Highways,  Massachusetts  Depai'tnient 
of  Public  Works,  presided.  The  first  i)aper,  on  "Ti'uck 
Overloading.  Its  Relation  to  Road  Consti-uctioii  and 
Maintenance,"  was  presented  by  .1.  G.  McKay.  Pi-ofe.ssor 
of  Economics.  University  of  Wisconsin. 

The  second  papei'  was  presented  by  Clift'ord  Older, 
Chief  Highway  Engineer  of  Illinois,  on  "The  Illinois 
PiXpcrimental  Road,"  and  was  illustrated  by  various 
charts.  As  a  result  of  the  experiments  conducted  by  Illi- 
nois, Mr.  Older  estimates  that  approximately  $1,500  per 
mile  is  saved  on  roads  now  being  constructed. 

A  paper  on  "Highway  Research"  was  next  j) resented 
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by  W.  K.  Hatt,  Director  of  the  Advisory  Board  on  High- 
way Research  of  the  National  Research  Council,  in  which 
he  outlined  the  work  of  the  Advisory  Board  on  Highway 
Research. 

The  last  paper  presented  on  Thursday  afternoon  was 
"Highway  Researches  and  What  the  Results  Indicate," 
by  A.  T.  Goldbeek,  Chief,  Division  of  Tests,  U.  S.  Bureau 
of  Public  Roads. 

Friday,  January  20th 

The  first  paper  presented  at  the  morning  session  of  the 
last  day  was  on  "A  Systematic  Study  of  Gravels  for  Road 
Purposes, ' '  by  Wallace  F.  Purrington,  Chemist  and  Test- 
ing Engineer,  New  Hampshire  State  Highway  Depart- 
ment. Mr.  Purrington  reviewed  the  work  carried  on  by 
the  New  Hampshire  State  Highway  Department  in  mak- 
ing a  survey  of  gravels  in  the  state  and  formulating  spec- 
ifications for  road  building  gravels. 

A.  R.  Losh,  Assistant  Chief  of  Construction,  U.  S.  Bu- 
reau of  Public  Roads,  next  presented  a  paper  on  "Cost 
Keeping  on  Highway  Construction,"  pointing  out  that 
with  the  unstabilized  conditions  of  labor  and  materials 
now  prevailing  in  the  highway  field,  the  necessity  of  accu- 
rate cost  accounting  of  road  construction  is  greater  than 
ever  before. 

The  paper  of  H.  H.  Wilson,  of  Winston  &  Co.,  New 
York  City,  on  "The  Highway  Contractor's  Problems," 
was  read  by  Charles  T.  Puff,  Secretary  of  the  Pennsyl- 
vania Associated  Highway  Contractors '  Association,  Mr. 
Wilson  being  detained  at  the  convention  of  the  Asso- 
ciated General  Contractors '  Association,  which  was  being 
held  at  Cleveland,  0. 

H.  L.  Bowlby,  President  of  the  Association,  presided 
at  the  business  session  held  in  the  afternoon.  A  number 
of  important  resolutions  were  adopted,  as  follows : 

Resolutions 

WHEREAS,  It  has  come  to  the  attention  of  this  Association 
that  "Public  Roads,"  the  monthly  magazine  of  the  Bureau 
of  Public  Roads  has  been  indefinitely  suspended  together  with 
other  government  periodicals,  and 

WHEREAS,  "Public  Roads"  is  a  necessary  medium  to  dis 
seminate  the  results  of  highway  research  and  for  the  inter- 
change of  opinions  and  ideas  between  the  U.  S.  Bureau  of 
Public  Roads  and  the  Highway  departments  of  the  several 
states  in  connection  with  the  administratin  of  cooperative 
highway  construction  under  the  Federal  Highway  Act. 

NOW,  THEREFORE,  BE  IT  RESOLVED,  That  the  Ameri- 
can Road  Builders'  Association  endorses  "Public  Roads"  as 
heretofore  issued,  and  urges  that  Its  publication  be  imme- 
diately resumed. 

WHEREAS,  Advertising  signs  upon,  along  or  adjacent  to 
public  highways  serve  no  good  purpose,  but,  on  the  con- 
trary, are  a  public  nuisance  in  that  they  destroy  the  beauty 
of  our  landscapes,  impair  vision  in  dangerous  places,  and  add 
to  the  difficulty  of  properly  guiding  and  warning  traffic, 

BE  IT,  THEREFORE,  RESOLVED,  That  the  American  Road 
Builders'  Association  pledges  its  support  to  any  proper  move- 
ment to  eliminate  such  advertising  signs  and  urges  upon  its 
individual  members  the  importance  of  aiding  and  encouraging 
legislation  in  all  states  to  effect  said  elimination,  to  the  end 
that  our  highways  may  be  fully  and  safely  occupied  and  en- 
joyed by  the  public,  for  the  use  of  whom  they  are  acquired 
and  built. 


WHEREAS,  Grade  crossings  of  railroad  and  interurban  lines 
with  our  highways  constitute  a  grave  menace  to  human  life 
and  property,  and 

WHEREAS,  The  increasing  travel  on  our  highways  la  each 
year  making  the  danger  greater  and  the  list  of  dead  and 
injured  longer, 

BE  IT,  THEREFORE,  RESOLVED,  That  the  American  Road 
Builders'  Association  pledges  itself  collectively  and  as  indi- 
viduals to  use  its  best  efforts  to  speed  up  the  properly  planned 
elimination  of  grade  crossings,  to  the  end  that  all  of  them, 
especially  on  the  main  traveled  highways,  shall  be  eliminated 
as  rapidly  as  funds  can  be  made  available  by  the  public  and 
the  railway  companies. 

BE  IT  FURTHER  RESOLVED,  That  we  condemn,  as 
against  public  policy,  the  present  attitude  of  negation  adopted 
by  too  many  railroad  companies  and  by  too  many  state  rail- 
road commissions,  because  such  attitude  has  resulted  in  the 
slackening  of  elimination  work  at  a  time  when  the  protec- 
tion of  the  traveling  public  is  much  more  urgent  than  ever 
before. 

BE  IT  RESOLVED,  That  the  American  Road  Builders'  As- 
sociation heartily  endorses  the  action  of  Congress  in  adopt- 
ing a  policy  of  federal  aid  for  highways  to  be  applied  to  a 
definite  system  of  highways  as  provided  in  the  Federal  High- 
way Act  which  went  into  effect  November  9,  1921. 

We  pledge  our  hearty  and  unqualified  support  to  the  Fed- 
eral Bureau  of  Public  Roads  in  carrying  out  the  provisions 
of  said  act. 

Inasmuch  as  the  act  contemplates  continued  federal  par- 
ticipation with  the  states  in  highway  Improvement,  we  real- 
ize and  emphasize  the  absolute  necessity  of  a  definite  policy 
projected  far  enough  into  the  future  to  make  possible  the 
economic  and  satisfactory  planning  and  carrying  out  of  the 
intent  and  purpose  of  the  act. 

To  this  end  we  endorse  H.  R.  8978,  introduced  by  the  Hon. 
Roy  Woodruff,  which  bill  authorizes  the  appropriation  of 
$100,000,000  annually  for  five  years  beginning  July  1,  1922,  as 
a  general  federal  aid  appropriation,  and  we  also  urge  that 
adequate  provision  be  made  in  the  said  bill  for  the  continued 
development  of  highways  in  and  adjacent  to  the  National 
Parks,  forest  areas  and  Indian  reservations  and  the  Territory 
1)1  Alaska  under  nnlfled  control. 

The  adoption  of  this  five-year  program  is  necessary  to  en- 
able the  states,  through  their  legislatures,  to  make  proper 
provisions  for  the  requisite  state  cooperation  in  this  enter- 
prise.   

WHEREAS,  There  are  many  inequalities  existing  In  the 
present  freight  rates  on  road  materials,  and 

WHEREAS,  The  highway  work  of  the  states  and  the  Fed- 
eral Government  should  not  be  required  to  pay  more  than  its 
fair  share  of  the  cost  of  keeping  up  our  system  of  railroad 
transportation, 

BE  IT,  THEREFORE,  RESOLVED,  That  the  American  Road 
Builders'  Association  urges  upon  the  Interstate  Commerce 
Commission  and  upon  the  various  state  raUroad  commissions 
(or  equivalent  state  bodies)  the  Importance  of  a  review  and 
comparison  of  the  present  rates  on  road  materials  and  on 
other  commodities,  to  the  end  that  present  existing  inequali- 
ties may  be  removed  and  the  taxpayers'  interests  protected. 

WHEREAS,  By  far  the  greater  portion  of  the  cost  of  mod- 
ern highway  construction  and  maintenance  is  due  to  the 
necessity  of  providing  adequately  for  the  movement  of  motor 
vehicles,  and 

WHEREAS,  there  is  a  lack  of  uniformity  in  the  motor 
vehicle  registration  and  taxation  laws  of  the  various  States 
from  which  a  substantial  portion  of  the  state  road  revenues 
are  now  derived,  and 
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WSERBAS.  These  taxes  do  not  distribute  the  cost  equitably 
over  the  vehicle  in  proportion  to  its  use  of  tbe  highway,  now, 
therefore, 

BE  IT  RESOLVE3),  By  the  American  Road  Builders'  Asso- 
ciation that  we  urge  upon  all  States  the  fairness  and  neces- 
sity of  collecting  an  adequate  portion  of  highway  flnfuicing 
from  the  users  of  motor  yehicles,  and 

BE  IT  FURTHER  RESOLVED,  That  we  favor  a  gasoline 
tax  in  lieu  of  all  other  taxes  on  motor  vehicles  plus  a  just 
and  equitable  tax  on  conunercial  vehicles  based  on  the  serv- 
ice rendered  by  the  highways,  and 

BE  IT  FURTHER  RESOLVED,  That  the  receipts  from  the 
.gasoline  or  other  motor  vehicle  taxes  be  reserved  solely  for 
road  improvement,  under  tbe  supervision  of  the  State  high- 
way departments,  and 

BE  IT  FURTHER  RESOLVED,  That  we  appeal  to  the  mo- 
torist for  his  support  of  this  policy. 

BE  IT  RESOLVED,  That  the  American  Road  Buildres'  As- 
sociation welcomes  the  establishment  by  the  National  Re- 
search Council  of  tbe  Advisory  Board  on  Highway  Research 
and  that  the  Association  pledges  its  support  to  the  Advisory 
Boftrd  in  this  mncb  needed  effort  to  stimulate  and  coordinate 
highway  research. 

WHEREIAS,  The  American  people  have  embarlied  upon 
programs  of  highway  improvement  involving  tbe  expendi- 
ture of  many  billions  of  dollars  in  the  next  decade,  and 

WHEREAS,  The  effective  expenditure  of  these  billions  of 
dollars,  and  the  proper  carrying  out  of  these  programs,  de- 
pend upon  the  ability  and  efficiency  of  the  federal  and  state 
bieliway  departments,  and 

WHEREAS,  The  American  people  have  not  so  far  appre- 
ciated the  magnitude  of  this  enterprise  or  the  necessity  of 
permanent  and  efficient  organizations  to  carry  it  on, 

BE  IT,  THERBFX)RE,  RESOLVED,  That  this  organization 
pledge  itself  to  work  for  efficiency  and  permanency  in  the 
personnel  of  all  departments  engaged  in  this  enterprise,  for 
the  elimination  of  partisan  politics  from  the  operation,  and 
for  the  reward  of  ability  wherever  found. 

wkkkKAS,  It  Is  the  experience  of  road  engineers  that 
•IC^teen  foot  pavement  widths  carrying  dense  traffic  in  Oie 
Tleinlty  of  large  cities  are  not  adequate, 

THEREPIRE.  BE  IT  RES0LVE3D,  That  the  American  Road 
Builders'  Association  go  on  record  as  favoring  a  pavement 
width  of  not  less  than  twenty  feet  for  all  trunk  highways  or 
roads   carrying  dense  traffic. 

BE  IT  RESOLVED,  That  this  convention  does  hereby 
tender  to  Its  President,  Col.  H.  L.  Bowlby,  its  best  and  sin- 
cerest  thanks  and  appreciation  for  the  courtesies  extended 
and  efforts  in  making  this  convention  the  greatest  and  best 
ever  held  by  the  Association,  and 

That  a  suitably  worded  and  properly  engraved  testimonial 
setting  forth  these  facts  be  prepared  and  presented  to  him 
by  this  Association. 

WHEREAS,  Tbe  Thirteenth  National  Good  Roads  Show  has 
been  universally  recognized  as  tbe  greatest  success  ever  at- 
tempted by  this  Association,  and 

whkkEAS,  Its  interest  was  greatly  increased  by  the  elab- 
orate and  complete  exhibit  furnished  by  the  United  States 
Bureau  of  Public  Roads,  therefore, 

BE  IT  RESOLVED,  By  the  American  Road  Builders'  Asso- 
ciation in  convention  assembled  in  Chicago  in  January,  1922, 
that  this  association  express  its  sincere  thanks  to  the  Bu- 
reau and  that  suitable  testimony  be  sent  to  Its  Chief,  Mr. 
Thomas  H.  MacDonald,  expressing  the  appreciation  of  the  as- 
sociation for  tbe  efforts  of  the  Bureau  In  helping  to  make  this 


show  the  most  complete  and  instructive  of  its  kind  ever  held. 

BE  IT  RESOLVED,  By  the  American  Road  Builders'  Asso- 
ciation in  convention  assembled,  that  the  efforts  by  the  vari- 
ous committees  that  are  now  working  to  solve  the  problem 
of  finding  a  method  of  stabilizing  subgrades  and  completing 
the  study  of  tbe  relationship  of  subgrade  to  traffic  and  road 
surfaces  should  have  the  hearty  support  of  this  association, 
and  that  every  assistance  be  rendered  from  whatever  source 
to  speedily  assist  in  solving  this  problem. 

RESOLVED,  That  the  American  Road  Builders'  Associa- 
tion, assembled  in  Chicago  at  its  19th  annual  convention,  pe- 
tition the  President  to  take  such  steps  as  may  be  necessary 
for  the  Uovernment  of  the  United  States  of  America  to  be- 
come a  member  of  the  International  Road  Congress. 

Following  the  reading  and  adoption  of  the  resolutions, 
a  nominating  committee  was  elected  consisting  of  R.  A. 
Meeker,  Right  of  Way  Engineer,  New  Jersey  State  High- 
way Department;  W.  D.  Uhler,  Chief  Engineer,  Penn- 
sylvania State  Highway  Department;  I.  W.  Patterson, 
Chief  Engineer,  Rhode  Island  State  Board  of  Public 
Roads ;  Fred  W.  Sarr,  First  Deputy  State  Highway  Com- 
missioner of  New  York,  and  W.  G.  Sucro,  Development  & 
Construction  Co.,  Baltimore,  Md. 


MARYLAND  MARES  ROADS  WELL 

The  Maryland  State  Highway  Department  has  recently 
adopted  a  system  of  direction  and  distance  signs  at  road 
intersections  which  places  it  far  ahead  of  many  states 
in  the  clear  designation  of  roads  for  the  benefit  of 
travelers. 

The  signs  are  faced  with  metal  and  set  on  wooden 
posts  into  concrete  bases.  They  show  the  name  of  the 
highway  in  white  letters  on  a  black  background,  the  dis- 
tance to  and  from  important  points  and  all  principal 
connections.  In  addition,  10x10  ft.  maps  are  being 
erected  at  the  limits  of  each  town.  They  show  the  main 
routes  through  the  town  in  white  and  the  secondary 
routes  in  gray ;  the  names  of  streets  and  well  established 
landmarks  are  all  marked  so  that  the  traveler  can  choose 
his  itinerary  according  to  the  points  of  interest.  They 
are  oriented  to  read  in  the  direction  of  travel,  so  that  if 
the  signboard  were  laid  on  the  ground  the  routes  follow 
the  proper  directions.  On  each  map  is  a  red  star  with 
the  words  ' '  You  are  now  at  this  point. ' ' 

At  the  top  of  mountain  grades  similar  signboards  are 
being  erected  to  tell  the  motorists  the  number  of  miles 
down  the  mountain,  warn  him  of  curves  and  give  him 
concise  instructions  about  how  to  drive  in  order  to  avoid 
accident.  At  all  entrances  to  the  State  signs  carrying 
the  salient  points  of  the  Maryland  vehicle  laws  are  going 
to  inform  the  visitor  about  speed  limits  and  traffic  rules. 
The  entire  signboard  system  is  under  contract  for  repair 
and  renewal  each  year. 


Concrete  Pavement  Laid  in  1922  totaled  62,000,000  sq. 
yd.,  or  6,000  mi.  lOf  18-foot  road,  according  to  a  recent 
statement  of  the  Portland  Cement  Association. 
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The  Thirteenth  National  Good  Roads  Show  of  the 
American  Road  Builders'  Association  at  the  Coliseum, 
Chicago,  111.,  Jan.  16-20,  was  the  most  successful  show 
ever  held  by  the  Association,  with  177  manufacturers 
of  road  machinery  and  materials  having  exhibits.  A 
list  of  the  names  of  exhibitors  is  given  below  with  the 
names  of  the  representatives  and  their  comments 
on  the  show.  A  more  complete  list  of  exhibitors  and 
the  nature  of  exhibits  was  given  in  the  January  11th 
issue  of  GOOD  ROADS. 

Acme  Road  Machinery  Co.,  Frankfort,  N.  Y.  G.  Pearson 
and  L.  G.  Jennings.  "Greatest  of  all  shows  like  it  and  bound 
to  be  beneficial  to  good  road  building." 

J.  D.  Adams  &  Co.,  Indianapolis,  Ind.  J.  T.  Trumbull.  "Won- 
derful success— many  orders  and  prospects." 

Allis  Chalmers  Manufacturing  Co.,  Milwaukee,  Wis.  Mr. 
Brewsangh,  Adv.  Mgr.    "Splendid  outlook  for  future." 

American  Gas  Accumulator  Co.,  Elizabeth,  N.  J.  W.  R. 
Townsend.  "Splendid  exhibit  and  will  bring  wonderful  re- 
turns." 

American  Production  &  Trading  Co.,  Chicago,  111.  T.  E. 
Morrison  and  Mr.  Kelsey.  ''Show  results  warrant  our  get- 
ting larger  space  for  next  year." 

American  Refractories  Co.,  Devil's  Lake,  Wis.  E.  J.  Win- 
kelman.  "Wonderful  prospects  which  could  be  had  no  other 
way." 

American  Tar  Products  Co.,  Chicago,  111.  P.  T.  Griffiths. 
"Outlook  after  this  show  is  very  favorable  to  increased 
business." 

Anthony  Co.,  Inc.,  Streator,  111.    T.  C.  Eads. 

Asphalt  Pavement  Retreading  Co.,  Chicago,  111.  G.  H. 
Lutz,  Vice-Pres.  and  F.  H.  Flory,  Pres.  "Show  makes  the 
business  outlook  fine." 

Austin  Machine  Corporation,  Chicago,  111.  G.  Stewart,  Adv. 
Mgr.     "Great  exhibit  and  of  big  sales  .value." 

Austin  Western  Road  Machinery  Co.,  Chicago,  111.  H.  F. 
Barrows,  Adv.  Mgr.  ''Well  pleased  with  results — wonderful 
show." 

Automotive     Utilities     Corporation,     Detroit.     Mich.       Mr. 
Thomas.    "Splendid  show,  glad  to  take  part  in  it." 
Avery  Co.,  Peoria,  111.     J.  H.  Wiley,  Adv.  Mgr.     "Show  has 


given   us  great  prospects — -will  get  more  space  next  year." 
Ball  Engine  Co.,  Erie,  Pa.    J.  A.  Garber.    "Received  many 
orders  directly  through  show." 

Barber  Asphalt  Paving  Co.,  Philadelphia,  Pa.  R.  G.  Mc- 
Kay, Dist.  Mgr.  "Very  excellent  show — have  our  share  of 
the  business  now." 

Barber  Green  Co.,  Aurora,  111.  G.  H.  Nickel.  "We  have 
sure  done  some  real  business  at  this  show." 

The  Barrett  Co.,  New  York  City.  G.  E.  Martin  and  B.  H. 
McGinnity.     "Show  is  a  splendid  advertisement." 

Beach  Manufacturing  Co.,  Charlotte,  Mich.  F.  H.  Beach 
and  J.  W.  Sanders.    "Splendid  outlook  for  new  business." 

Blaw-Knox>Co.,  Pittsburgh,  Pa.  T.  M.  Omitz.  "Good  show 
and  good  returns." 

Brown  Hoisting  Machinery  Co.,  Cleveland,  O.  J.  P.  Case 
and  C.  C.  Dancer.  "Great  show,  has  given  us  many  real 
prosipects." 

Bucyrus  Co.,  South  Milwaukee,  Wis.  M.  J.  Woodhull. 
"Splendid  show." 

The  Buda  Co.,  Harvey,  111.  W.  J.  Dukes.  Very  well  pleased 
with  results  of  show." 

Buff  &  Buff  Maniifactoriiis  Co.,  Chicago,  111.  M.  S.  Jordan 
and  R.  M.  Myers.  "Far  better  show  than  last  year  from  every 
angle." 

Burch  Plow  Works,  Crestline,  O.  B.  H.  Ferguson.  "I  am 
a  booster  for  the  show.  Everything  fine,  very  well  satisfied 
with  results." 

Garble  Manufacturing  Co.,  Chicago,  111.  A.  D.  Guthrie,  Dist. 
Mgr.  "Showing  of  interest  makes  us  very  optimistic  regard- 
ing future  business." 

The  Philip  Carey  Co.,  Lockland,  Cincinnati,  O.  Mr.  Koes- 
ter.    "We  are  very  well  satisfied  with  returns." 

Chain  Belt  Co.,  Milwaukee,  Wis.,  B.  F.  Devine.  "Very  much 
pleased  with  the  show   in  every  respect." 

Clark  Tructractor  Co.,  Buchanan,  Mich.  L.  J.  Schneider. 
"Show  has  certainly  given  us  our  share  of  the  business." 

Climax  Engineering  Co.,  Clinton,  la.  C.  B.  Stebbins.  "Very 
satisfactory  returns  from  show." 

Concrete  Steel  Form  Co.,  New  York  and  Chicago,  111.  W.  S. 
Edge,  Chief  Engr.     "Best  show  of  its   kind." 

Conneaut  Shovel  Co.,  Conneaut,  O.  C.  J.  Welsh.  "Very 
good  show — prospects  for  future  business  are  immense." 
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R.  F.  Conway  Co..  Chicago,  III.  W.  Damewood.  'Show  has 
given  us  very  satisfactory  results." 

Cook  Motors  Corporation,  Kankalcee,  111.  C.  M.  Wilson. 
"Great  man>'   real   live   prospects  from  show." 

Domestic  Engineering  &  Pump  Co.,  Sbippensburg,  Pa.  W.  E. 
Barbour,  Sales  Mgr.  and  C.  B.  Segner,  Vlce-Pres.  "Good 
show  with  better  results  than  last  year." 

Dunn  Road  Machine  Co.  Conneaut,  O.  J.  M.  Rathmell.  "Ab- 
solutely satisfied  in  every  respect  with  the  show." 

Bast  Iron  &  Machine  Co.,  Lima,  O.  C.  C.  Mosber  and  G. 
Merriman.    "Show  has  proved  a  great  investment  to  us." 

Baston  Car  &  Construction  Co.,  Easton,  Pa.  A.  R.  Amos 
and  J.  M.  Latimer.  "Splendid  show  and  many  prospective 
buyers." 

Electrical  &  Specialty  Supply  Co.,  Chicago,  III.  Donn  C. 
Mitchell,  Sales  Manager,  and  L.  W.  McOmber,  General  Man- 
ager.   "Pleased  with  results  and  amply  repaid." 

Elgin  Sales  Corporation,  Chicago,  111.  G.  O.  Dodge  and 
A.  M.  Anderson.  "From  the  standpoint  of  future  business 
alone,  this  is  a  wonderfully  successful  show." 

E!rie  Steel  Construction  Co..  Erie,  Pa.  E.  F.  Jones  and 
C.  H.  Fry. 

Fate  Root  Heath  Co.,  Plymouth,  O.  H.  R.  Sykes  and  W.  O. 
Ritter.     "Most  beneficial  show  from  any  angle." 

Field  Body  Corporation.  Chicago,  III.  A.  W.  Hempel.  "Fine 
•bow — many   prospective  buyers." 


Foote  Concrete  Machine  Co.,  Chicago,  111.  Mr.  Wilcox. 
"Fine  show — gives  favorable  business  impression  to  all." 

Four  Wheel  Drive  Auto  Co.,  ClintonvlUe,  Wis.  C.  J.  Cas- 
sese.     "Show  giving  splendid  prospects — we  are  satisfied." 

Fox  Rotary  Snow  Broom,  Newark,  N.  J.  Mr.  Von  Keller. 
"Splendid  show  and  many  sales." 

Gallon  Iron  Works  &  Manufacturing  Co.,  Gallon,  O.  "This 
show  elevates  the  road  building  industry." 

General  Motors  Truck  Co.,  Pontiac,  Mich.  E.  J.  Kilburn. 
"Fine  show — giving  splendid  prospects." 

Good  Roads  Machine  Co.,  Chicago,  111.  C.  C.  Stockman. 
"Good  show  and  a  great  advertisement." 

W.  &  L.  E.  Gurley,  Troy,  N.  Y.  C.  H.  Smart.  "Indications 
of  returns  are  very  favorable." 

Hadfield  Penfield  Steel  Co.,  Bucyrus,  O.  R.  O.  Perrott,  Res. 
Mgr.    "First  showing — very  successful— good  advertising." 

Handy  Sack  Baler  Co.,  Cedar  Rapids,  la.  O.  G.  Mendt, 
Pres.  and  C.  A.  Weber,  Treas.  "Biggest  showing  we  ever 
had." 

Hastings  Pavement  Co.  New  York  City.  F.  Rogers.  "Splen- 
did show — expect  good  returns." 

The  Hell  Co.,  Milwaukee,  Wis.  J.  P.  Heil,  Vice-Pres.  and 
E.  C.  Gilmore,  Sales  Mgr.  "Show  will  cause  a  big  boom  in 
the  road  building  game  and  help  business  in  general." 

Heltzel  Steelform  &  Iron  Co.,  Warren,  la.  W.  J.  Savage, 
Mgr.    "Best  show  we  have  ever  been  in." 
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Highland  Body  Manufacturing  Co.,  Chicago,  111.  W.  Mor- 
rison, Pres.  and  P.  H.  Willis,  Res.  Mgr.  "Best  show  of  its 
kind." 

Highway  Hoist  &  Body  Co.,  Edgerton,  Wis.  Mr.  Menhall, 
Pres.     "Most  of  our   inquiries   have   resulted   in   purchases." 

Holt  Manufacturing  Co.,  Peoria,  111.  Nick  Hall.  "Extreme- 
ly well  pleased  and  I  am  hard  to  please." 

Hough  Mechanical  Hoist  Co.,  Chicago,  111.  E.  B.  Hough, 
Pres.,  F.  L.  Peck,  Treas.,  T.  T.  Peck,  Sec.  "This  show  will 
give  a  great  impetus  to  the  good  roads  movement  through- 
out the  country." 

The  Hug  Lumber  Ac  Construction  Co.,  Highland,  111.  C.  J. 
Hug,  Pres.     "Fine  show — gives   great  prospects." 

Charles  Hvass  &  Co.,  New  York  City.  B.  C.  Hvass  and 
C.  T.  Hvass.  "Splendid  show — we  are  favorably  impressed 
with  the  returns." 

Indiana  Truck  Corporation,  Marion,  Ind.  H.  K.  York. 
"Dandy  show  from  every  standpoint." 

International  Motor  Co.,  New  York  City.  Mr.  Fenner. 
"Very  satisfactory  returns — expect  us  at  the  next  show." 

International  Steel  Tie  Co.,  Cleveland,  O.  T.  J.  Lavin.  "Re- 
sults of  road  congress  and  show  will  be  of  great  benefit  to 
the  good  roads  program  in  all  states." 

Jennings  Automatic  Dump  Body  Co.,  Roanoke,  Va.,  Z.  V. 
White.     "World's  greatest  road  show." 

Paul  J.  Kalman,  Inc.,  Chicago,  111.  Mr.  Pederson.  "Show 
will  increase  the  trend  of  road  material  business." 

Kentucky  Rock  Asphalt  Co.,  Louisville,  Ky.  J.  C.  Kelly. 
"Show  has  brought  many  prospects." 
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Kinney  Manufacturing  Co.,  Boston,  Mass.  A.  J.  Munday 
and  W.  Worcester.     "Have  gained  many  prospective  buyers." 

Kissel  Motor  Car  Co.,  Hartford,  Wis.  G.  B.  Davey.  "Enough 
to  say  that  the  show  is  simply  great  and  results  will  be." 

Koehring  Co.,  Milwaukee,  Wis.  Capt.  K.  Talbot.  "Abso- 
lutely solid  for  this  show — great  success." 

Koppel  Industrial  Car  &  Equipment  Co.,  Koppel,  Pa.  Mr. 
Prausnltz.    "Best  show  ever — fine  sales  prospects." 

Lakewood  Engineering  Co.,  Cleveland,  O.  W.  Ord,  Mgr. 
"Best  show  ever  seen — abound  to  have  great  results." 

Larco  Wrench  Co.,  Chicago,  III.  S.  M.  Shackleford.  "Very 
good  show  and  many  orders  taken." 

Lee  Trailer  &  Body  Co.,  Chicago,  111.  Mr.  Howard.  "Tliis 
show  has  given  us  splendid  sales." 

LeRoi  Co.,  Milwaukee,  Wis.  W.  R.  Karl  and  Odin  Hagen. 
"More  than  satisfied  with  returns." 

Littleford  Bros.,  Cincinnati,  O.  H.  Streatman.  "Dandy 
show  and  has  given  us  pleasure  and  profit." 

Mails  Power  &  Supply  Co.,  Chicago,  III.  M.  M.  Mails  and 
H.  Baron.  "Sold  completely  out  of  everything  and  have  or- 
ders far  into  the  future." 

The  Maxon  Co.,  Milwaukee,  Wis.  G.  Maxon,  Jr.  "It's  a 
wonderful  show." 

Metal  Forms  Corporation,  Milwaukee,  Wis.  R.  M.  Moss 
and  O.  B.  Pulis.  "A  most  wonderful  success — organization  Is 
to  be  greatly  complimented." 

Morand  Cushion  Wheel  Co.,  Chicago,  111.  I.  E.  Hawkins. 
"Many  people  really  interested  in  show — business  outlook 
very  good." 
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:-,■.  .1,...,  Sit  el  Kabrcs  Co.,  ritlsbuigh,  Pa.  E.  L.  Benedict, 
Sale^  M?r.  "Atter  seeing  this  show,  business  outlook  is  very 
oi>(imii!tic." 

Oliver  Chilled  Plows,  South  Bend,  Mich.  C.  J.  Sellers. 
"Wonderful   results   from   the  sales  angle." 

(»shkosh  Mnnufacturing  Co.,  Oshkosh,  Wis.  R.  D.  Hough- 
ion.     'Wonderful  show  and  great  prospects." 

Parker  Motor  Truck  Co.,  Milwaukee,  Wis.  J.  Tracy  and 
B.  H.  James.  "Great  show  and  successful  from  every  view- 
point." 

Pawling  &  Harnishfeger  Co.,  Milwaukee,  Wis.  R.  A.  S. 
Johnson.  "The  show  is  surely  a  winner  and  we  will  have 
more  space  next  year." 

The  Pioneer  Asphalt  Co.,  Laurenceville,  111.  J.  K.  Riley 
and  I.  T.  Sanborn.     "A  wonderful  show  with  mighty  results." 

Portland  Cement  Co.,  Chicago,  III.  G.  S.  Eaton  and  D.  A. 
Holmes.  '"Splendid  show  and  bound  to  do  a  great  deal  of 
good  for  the  cause." 

Reo  Motor  Car  Co.,  Lansing,  Mich.  Mr.  Sutherland  and 
S.  H.  Block.    We  are  very  well  pleased  with  results." 

Republic  Truck  Sales  Corporatoin,  Ahna,  Mich.  H.  L. 
Dewey.    "Greatly   pleased   with   results — many   prospects." 

Robertson  Bros.  Manufacturing  Co.,  Chicago,  111.  W.  C. 
Burrell  and  W.  F.  Abbott.  "Mighty  good  exhibit  and  a  won- 
derful trade  stimulator." 

Rogers  Tractor  Co.,  Albion,  Pa.  C.  A.  Rogers,  Pres.  Splen- 
did show  and  glad  to  take  part  in  ft." 

Safety  Mushroom  Light  Co.,  Milwaukee,  Wis.  F.  S.  Laurie. 
"An  unusually  large  number  of  inquiries." 

Sasgen  Derrick  Co.,  Chicago,  111.,  M.  T.  Sasgen,  Mgr.  "Show 
is  a  very  jcreat  success." 

nauerman  Bros.  Chicago,  111.  D.  D.  Gllfoyle  and  J.  A. 
Sauerman.  "Well  satisfied  with  results — show  has  attendance 
of  the  best  buyers." 

Sewell  Cushion  Wheel  Co.  Detroit,  Mich.  Mr.  Storm.  "Our 
exhibit  Is  a  great  success — we'll  be  here  next  year." 

Shaw-Enders  Tractor  Co.,  Minneapolis,  Minn. — C.  D.  Eln- 
ocliB.    "Show  is  satisfactory  from  every  angle." 

Shank  Manufacturing  Co.,  Bucyrus,  O.  J.  L.  Smith.  "Great 
show  and  many  orders  as  a  result." 

T.  L.  Smith  Co.,  Milwaukee,  Wis.  Mr.  Bowen.  "Fine  show 
and  good  prospects." 

Smith  Engineering  Co.,  Milwaukee,  Wis.  D.  D.  Barnes. 
"Great  show  giving  wonderful  prospects." 

Standard  Oil  Co.,  Chicago,  III.  W.  H.  Myers  and  H.  C. 
Ellis.  "We  really  appreciate  what  this  exhibit  means  to  the 
cause  of  good  roads — excellent  show  and  will  bring  results." 

Stoughton  Wagon  Co.,  Stoughton,  Wis.  O.  J.  Noer.  "Mighty 
good  show  and  many  prospective  buyers." 


The  Texas  Co.,  New  York  City.  W.  H.  Kershaw,  Gen.  Mgr. 
"Most  profitable  show  of  its  kind." 

Titan  Truck  Co.,  Milwaukee,  Wis.  J.  C.  Millman,  George 
Streicher  and  A.  P.  West.  "More  than  pleased  witli  results 
of  show." 

Truscon  Steel  Co.,  Younstown,  O.  B.  C.  Briody  and  W.  H. 
Kelly.     "Best  ibusiness  any  show  ever  brought  us." 

Turbine  Sewer  Machine  Co.,  Milwaukee,  Wis.  P.  A.  Fuchs 
and  F.  H.  Fuchs.  "Expect  to  derive  great  benefit  from  ex- 
hibit." 

W.  S.  Tyler  Co.,  Cleveland,  O.  A.  E.  Reed  and  J.  H.  Jack- 
son.    "Exhibit  a  success  and  worth  every  penny  spent." 

Van  Dorn  Iron  Works,  Cleveland,  O.  M.  R.  Duffy  and  F.  G. 
Smith.    "Splendid  show — well  worth   our  time  and  money." 

Wallis  Boiler  Co.,  Chicago,  111.  W.  Ortman.  "Best  piece 
of  advertising  we  ever  had." 

Warner  Manufacturing  Co.,  Beloit,  Wis.  M.  A.  Potter.  "Ev- 
eryone will  know  what  the  show  is  when  I  say  everything 
is   O.  K." 

Warren  Bros.  Co.,  Boston,  Mass.  C.  S.  Graham.  "Can  only 
say  it's  the  best  ever." 

Western  Wheeled  Scraper  Co.,  Aurora,  111.  H.  B.  Bushnell 
and  J.  E.  Huber.  "This  show  has  been  well  worth  our  ex- 
pense and  time." 

George  D.  Whitcomb  Co.,  Rochelle,  111.  W.  C.  Whitcomb. 
"Very  successful  show  from  a  sales  standpoint." 

The  White  Co.,  Cleveland,  O.  E.  C.  Buchan.  "Better  busi- 
ness here  than  at  any  other  show." 

David  White  Co.,  Milwaukee,  Wis.  P.  H.  Phillipson,  Gen. 
Mgr.     "A  wonderful  show — we'll  have  more  space  next  year." 

Wizard  Plow  Co.,  Batavia,  N.  Y.  S.  J.  Hunt  and  F.  L. 
Averill.     "More  Business  than  at  any  other  show." 

Wood  Hydraulic  Hoist  &  Body  Co.,  Chicago,  111.  Mr.  Kerr, 
Dist.  Mgr.     "Very  well  pleased  with  show  in  general." 

Wyoming  Shovel  Works,  Wyoming,  Pa.     G.  E.  Geer,  Sales 


Mgr.  and  H.  G.  Potter,  Vice-Pres. 
— many  orders  taken." 


"Show  is  very  satisfactory 


Estimates  by  the  Denver,  Colo.,  Tourist  Bureau  for 
1921  show  that  fully  600,000  persons  motored  through  the 
Denver  mountain  park  system  last  year.  The  motor 
visitors  to  Rocky  Mountain  National  Park  in  Colorado 
aggregated  273,737,  being  more  than  100,000  of  the 
combined  visitors  to  the  Yellowstone  and  Yosemite  Na- 
tional Parks. 
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THE  CHICAGO  CONVENTION  AND  SHOW 

The  convention  and  show  in  Chicago  last  week  un- 
der the  auspices  of  the  American  Road  Builders '  Asso- 
ciation mark  another  milestone  in  the  growth  of  the 
road  building  industry — an  industry  which  ha.s  become 
recognized  as  one  of  the  greatest  of  the  country.  The 
event  not  only  brought  the  leading  road  builders  to- 
gether in  a  great  convention,  but  the  exhibit  feature 
showed  in  concrete  form  the  advance  that  has  been 
made  in  the  production  of  labor-saving  machinery  and 
the  methods  employed  in  the  construction  and  main- 
tenance of  public  roads.  While  complete  figures  cov- 
ering the  attendance  are  not  available,  it  is  certain  that 
no  such  .similar  event  ever  had  anything  like  the  at- 
tendance of  road  contractors,  engineers  and  highway 
and  street  officials.  On  other  pages  of  this  issue  mil 
be  found  the  story  of  the  convention,  together  with  a 
list  of  the  exhibitors  at  the  show. 

In  reporting  the  show,  efforts  were  made  to  get  an 
accurate  expression  of  opinion  from  all  exhibitors  as  to 
the  benefits  derived.  Our  reporter,  however,  failed  in 
some  cases  to  secure  the  desired  information  and  when 
asked  the  cause  of  his  faihxre,  replied  that  the  exhib- 
itors were  too  busy  with  prospective  customers  to  be 
questioned.  It  is  worthy  of  note,  however,  that  every 
exhibitor  interviewed  was  loud  in  his  praise  of  the 
show  and  tlie  opportunities  for  business  which  it  af- 
forded. There  were,  all  told,  177  exhibitors.  With- 
out question,  the  display  was  the  greatest  aggregation 
of  road  building  machinery  equipment  and  materials 


ever  assembled.  It  is  estimated  that  more  than  $1,000,- 
000  worth  of  machinery  was  sold  during  the  exposition. 

The  attraction  of  the  show  feature  was  so  great  that 
it  no  doubt  kept  many  from  attending  the  sessions  of 
the  convention.  In  spite  of  this,  however,  the  sessions 
were  well  attended  and  the  earnest  discussions  of  the 
papers  and  addresses  were  of  great  value.  It  was  par- 
ticularly noticeable  that  very  few  of  the  scheduled 
speakers  failed  to  appear  and  those  Avho  did,  sent  their 
•papers  to  be  read.  While  the  technical  program  cov- 
ered practically  every  phase  of  road  building,  the  great- 
est interest  seems  to  have  been  .shown  in  the  questions 
of  liigliway  finance  and  transport.  The  sentiment  ap- 
peared to  be  in  favor  of  transportation  bearing  a  great- 
er portion  of  the  cost  of  maintenance. 

Tlie  American  Road  Builders'  Association  is  to  be 
congratulated  upon  the  success  of  its  convention  and 
show.  Its  dominant  position  in  the  highway  field  has 
been  fully  established. 


OPERATING  EXHIBITS  DURING  SESSIONS 

During  the  years  spent  in  the  development  of  the 
show  feature  of  its  activities,  the  executives  of  the 
American  Road  Builders'  Association  have  held  stead- 
fastly to  the  idea  that  the  s6.ssions  of  the  conventioix 
should  be  held  in  the  same  building  as  the  exliibition. 
This  is  as  it  should  be.  There  is  every  .argument  in  its, 
favor.  Unfortunately,  however,  for  tlie  Chicago  event, 
the  only  hall  available  for  meetings  in  the  Coliseum 
was  directly  above  the  operating  machinery,  and  owing 
to  the  noise,  the  management  was  compelled  to  enforce' 
the  rule  compelling  exhibitors  to  shut  down  during  the 
sessions.  This  was  a  hardship  for  many  of  the  exhib- 
itors, who  felt  that  they  had  paid  for  the  privilege  of 
demonstrating  the  operation  of  their  machinery  to  pros- 
pective customers.  It  was  a  difficult  problem  for  the 
management  to  contend  with,  but  it  is  worthy-  of  note 
that  the  exhibitors  acquiesced  with  little  protest.  It  is 
to  be  hoped,  however,  that  before  another  show  is  held, 
the  management  may  be  able  to  solve  any  noise  prob- 
lems connected  with  the  convention  and  show  and 
thereby  permit  the  operation  of  machinery  at  all  times 
withovit  in  any  way  interfering  with  the  sessions  of  the 
convention.     Suggestions  are  in  order. 


MANY  SURPLUS  ARMY  TRUCKS  ALLOTED 

More  than  27,000  motor  vehicles  have  been  distributed 
by  the  Bureau  of  Public  Roads  of  the  United  States  De- 
partirient  of  Agriculture  among  the  various  states  for 
road  building  purposes.  Up  to  Oct.  31,  a  total  of  27,198 
had  been  so  di.stributed,  including  1,800  retained  by  the 
T^cpartmcnt  of  Agriculture  for  use  on  roads  in  the  Na- 
tional Foi-ests  and  in  connection  with  the  administration 
of  the  federal  aid  act.  These  comprise  virtually  all  the 
surplus  motor  vehicles  turned  over  to  the  Department 
of  Agriculture  by  the  War  Department  to  be  distributed 
under  the  Wadsworth-Kahn  act  among  the  states  for 
road  building  purposes. 
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Problems  of  the  Highway  Contractor 


By   HENRY   H.    WRiSONf 


Having  beeu  intimately  a^isociated  with  the  movemeut 
towainl  collective  oiKanizatiou  iu  the  highway  construc- 
tion industry,  whicii  has  developed  during  the  past  two 
years,  I  shall  attempt  to  interpret  those  things  which  are 
held,  by  some  of  the  leading  representatives  of  this  in- 
dustrj',  to  be  the  most  vital  of  their  problems.  It  will 
only  however  be  possible  to  very  briefly  touch  upon  each 
one  under  the  several  headings  under  which  their  re- 
lations may  be  said  to  function.  Many  problems  of  ad- 
ministration and  technique  will  have  to  be  omitted  en- 
tirely. Bearing  in  mind  too  the  present  necessity  and 
demand  for  lowered  costs  in  every  line  of  industry,  I 
shall  pay  particular  attention  to  these  problems,  a  so- 
Intion  of  which  will,  it  is  believed,  result  in  decreased 
costs  for  highway  building  and  in  a  dollar  to  the  tax- 
payers for  every  dollar  expended. 

International  Relationship 

The  greatest  problems  of  contractors  fall  under  this 
heading  and  many  of  these  problems  are  of  their  own 
creation.  Perhaps  the  greatest  of  all  relates  to  the  edu- 
cation of  themselves.  This  education  should  be  conducted 
along  the  lines  of  cultivating  skill,  integrity  and  respon- 
sibility, and  eliminating  the  old  time  jealousy  and  dis- 
trust through  encouragement  of  a  spirit  of  cooperation 
and  mutual  helpfulness  in  every  member  of  the  indus- 
try. The  individualistic  tendency  of  the  contractor 
dates  from  a  time  limited  only  by  history  and  is  believed 
to  be  more  largely  responsible  than  anything  else  for 
many  of  his  existing  problems. 

It  is  good  business  for  contractors  to  educate  their  com- 
petitors; it  is  good  business  for  them  to  discuss  each 
other's  problems,  construction  and  administrative  meth- 
ods; it  is  good  business  to  get  each  other's  viewpoint; 
it  is  good  bu-siness  and  eliminates  waste  both  to  the  con- 
tractor and  owner,  to  seek  out  the  best  means  consistent 
with  first-class  work  and  to  assist  in  standardization  of 
methods  and  wiuipment  along  these  lines;  it  is  good  busi- 
ness to  secure  added  protection  by  all  legitimate  means. 
Organized  construction  can  best  promote  these  things. 
Sane,  honest  and  common-sense  competition  is  better  for 
all  interested  in  highways  than  the  destmctive,  indi- 
vidualistic tendency  which  has  so  often,  in  the  past, 
made  highway  construction  a  financial  shamble  and 
brought  upon  it  disrepute  as  a  business  proposition.  The 
comparatively  limited  number  of  concerns  which  have 
been  able  to  survive  in  the  business,  with  profit,  over  any 
considerable  period  of  years,  is  the  proof  of  the  fore- 
ifoing  points. 

The  Public 
Mark  Twain  said,  in  substance,  that  it  had  always 

•  Paper  presented  at  Nineteenth  Annual  Convention  of  the 
AnMrican  Road  Bulldera'  Association.  Chicago,  111.,  Jan.  16-20 
1922. 

t  WInRton  ft  Co.,  New  York,  N.  Y. 


appeared  to  him  that  the  Devil  never  had  a  fair  show; 
that,  notwithstanding  certain  rclifjiouis  sects  had  issued 
Bibles  and  other  injurious  panij)hlets  against  him,  he 
liad  never  been  given  a  chance  to  state  his  case,  and 
there  must  be  something  to  be  said  upon  his  side.  Until 
the  past  two  or  three  years,  there  has  not  been  cohesive 
action  upon  the  part  of  constructors  necessary  for  the 
proper  presentation  of  their  case  at  the  Bar  of  Public 
Opinion.  The  better  minds  of  the  industry  recognize 
that  our  problems  must  be  solved  with  the  welfare  of 
the  public  constantly  in  mind  and  that  it  will  be  idle 
to  attempt  that  which  is  not  economically  sound.  At  a 
recent  highway  conference,  made  up  of  representatives 
from  almost  every  line  of  business  directly  or  indirectly 
associated  with  highway  work,  a  large  number  of  ax- 
ioms were  displayed.  The  one  receiving  the  most  marked 
comment  and  unanimous  endorsement  read : 

"If  I  knew  you  and  you  knew  me, 
'Tis  seldom  we  would  disagree." 

Bearing  this  in  mind,  as  well  as  the  limits  outlined 
above,  it  is  to  the  interest  of  the  body  politic  that  the 
contractor  should  be  better  known  and  understood  and 
it  is  one  of  his  problems  to  place  himself  in  such  a  posi- 
tion. 

Lower  conti-act  prices  are  imperatively  needed  to  se- 
cure greater  mileage  of  roads  for  the  public.  The  great- 
est reduction  which  can  be  brought  about,  would  doubt- 
less result  if  certain  risks  now  assumed  by  the  contractor 
were  assumed  by  the  state.  It  is  almost  superfluous  to 
say  that  a  contractor  can  figure  closely  on  work  in  direct 
proportion  as  elements  of  risk  and  uncertainty  are 'elimi- 
nated. In  many  states  the  assumption  of  these  ele- 
ments of  risks  and  uncertainty  are  required  by  the  or- 
ganic law  and  can  be  escaped  by  access  to  public  opinion 
as  expressed  through  legislative  action.  To  bring  about 
a  clmnge  in  these  laws  which  will  facilitate  a  more  bal- 
anced and  equitable  form  of  contract,  through  the  elimi- 
nation of  the  above  elements,  as  far  as  possible,  and  there- 
by permit  contractors  to  conduct  estimating  and  prepa- 
rations along  well  established  business  principles  in  the 
problem  not  only  of  the  consti'uctor  but  of  engineers 
and  all  otheiis  interested  in  highway  building,  who  de- 
sire decreased  costs,  and  better  stabilization  of  the  in- 
dust}y. 

It  is  also  the  pi-oblem  of  the  highway  builder  to  use 
his  influence  to  create  a  public  sentiment  which  will 
countenance  better  paid  and  bettor  qualified  engineers 
and  inspectors.  Conti-actons  recognize  that  one  of  the 
greatest  problems  confronting  highway  commissions  and 
chief  engineei's  is  a  salary  scale  which  will  permit  them 
to  employ  men  more  competent  and  experienced.  It  can 
be  stated  as  a  truism  that  good  contractors  invariably 
find  engineers  and  inspectors  satisfactory  in  direct  pro- 
portion as  the  latter  possess  integrity,  intelligence  and 
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experience  and  that  the  employment  of  high-class  men 
will  invariably  justify  itself  in  an  ultimate  saving  to 
the  taxpayers. 

As  was  pointed  out  in  the  recent  report  of  the  High- 
way Committee  of  the  Associated  General  Contractors 
of  America,  the  present  investment  in  highways  is  held 
by  many  to  be  economically  unsound  and  the  elimina- 
tion of  all  expense  possible,  without  sacrificing  quality, 
should  benefit  through  better  satisfaction  upon  the  part 
of  the  public  and  a  consequently  increased  volume  of 
work  for  all  interested. 

Highway  Departments  and  Engineers 

The  problem  of  the  contractor  here  is  to  cooperate  in 
pointing  out  those  requirements  of  the  specifications 
v/hich  entail  increased  costs  without  any  commensurate 
advantage  and  those  requirements  which  can  be  waived 
in  the  interests  of  economy  without  sacrificing  quality. 
It,  is  doubtful  if  there  will  ever  be  a  set  of  specifications 
written  for  highway  work  which  will  not  be  susceptible 
of  improvement,  therefore,  it  should  be  the  endeavor  of 
all  interested  to  constantly  strive  for  improvement  and 
economy  in  same.  Many  clauses  now  current  suggest 
that  the  writers  thought  only  of  the  equity  lying  on  one 
side  of  their  subject. 

Contractors  should  endeavor  to  cultivate  a  broader  and 
more  sympathteie  attitude,  within  their  own  ranks,  as 
to  the  viewpoint  and  limitations  of  commissions,  engi- 
neers and  other  pviblie  servants  in  their  dealings.  Many 
of  us  realize  that,  under  present  laws,  the  difficulty  with 
commissions  and  engineers  (as  to  many  changes  for  which 
we  are  asking)  lies  not  so  much  in  their  failure  to  rec- 
ognize thf  just  principle  to  apply  as  in  finding  a  means 
to  apply  it  practically. 

Closer  acquaintance  and  mutual  discussion,  in  a  col- 
lective way,  between  contractors  and  engineers,  will  do 
much  to  bring  about  that  better  understanding  and  co- 
operation which  will  stimulate,  and  react  in,  added  tech- 
nique, larger  medium  of  standardization,  more  economy 
of  methods  and  consequent  reduced  costs.  Organized  con- 
struction is  and  has  been  moving  in  the  direction  of 
greater  cooperation  and  it  is  hoped  that  engineers  and 
others  interested  will  not  fail  to  recognize  the  mutual  ad- 
vantages to  be  derived  therefrom.  One  of  our  problems  is 
to  bring  about  a  realization,  by  all  engineers  and  inspec- 
tors, that  the  contractor  is  their  partner  and  not  their 
bondman  in  a  great  work.  When  highway  engineers,  con- 
tractors, material  producers,  equipment  manufacturers 
and  all  others  interested  come  to  complete  realization 
of  the  fact  that  they  are  confederates  in  the  most  stu- 
pendous work  of  our  age  (and  one  by  which  the  future 
will  doubtless  chiefly  judge  our  civilization)  highway 
building  will  be  reborn  and  most  of  our  problems  will 
have  been  solved. 

"It  ain't  the  guns  nor  armament,  nor  funds  that  they  can  pay, 
but  the  close  co-operation  that  makes  them  win  the  day. 

"It  ain't  the  Individual  nor  the  army  as  a  whole,  but  the  ever- 
lastin'  teamwork  of  every  bloomin'  soul." 

In  the  matter  of  specifications,  we  believe  it  to  be  one 

of  our  problems  to  secure  the  settlement,  by  an  impartial 


referee  (when  desired  by  either  party)  of  dispute  be- 
tween ourselves  and  engineers  as  to  the  interpretation  of 
specifications  and  matters  of  equity. 

As  was  pointed  out  by  William  B.  King  of  the  Wash- 
ington (D.  C.)  Bar,  in  his  very  able  address  before  the 
Associated  General  Contractors  of  America  last  year: 
"The  engineer  writes  what,  in  his  judgment,  has  a  cer- 
tain meaning.  The  easy  evolution  of  authority  to  the 
architect  or  engineer  to  decide  all  uncertainties,  directly 
encourages  vagueness  in  writing  specifications."  An 
engineer,  with  every  desire  to  be  fair,  will  oftentimes 
interpret  specifications  too  much  in  the  light  of  what 
he  had  in  mind  to  safeguard  when  he  wrote  or  adopted 
the  specification  in  dispute.  The  working  out  of  stand- 
ard specifications  for  the  country  as  a  whole  will  save 
much  effort  and  expense  for  which  the  taxpayers  now 
pay. 

Lal)or 

Uniform  and  fair  treatment  of  labor  and  possibly  more 
uniform  wages  and  working  conditions  for  the  various 
classes  of  skilled  labor  employed  upon  highways  are  be- 
lieved to  be  a  problem  from  which  benefit  can  be  derived. 
If  it  were  possible  to  develop  some  coordinated  industry 
in  the  northern  and  border  states,  whereby  highway 
labor  might  be  retained  the  year  around  upon  some  pro- 
ductive work,  constructors  would  be  able  to  secure  greater 
economy  and  added  efficiency  from  their  organizations. 
Coopei-ation  between  concerns  woi'king  in  the  same  local- 
ity, in  the  matter  of  labor,  will  go  far  towards  stabilizing 
conditions  and  creating  greater  efficiency. 

Materials 

One  problem  here  relates  to  the  working  out  of  a  form 
of  contract  with  material  producers  which  will  be  a 
standard  for  the  industry  and  more  binding  upon  both 
contracting  parties ;  in  fact,  it  is  believed  that  a  solution 
of  this  cannot  fail  to  reflect  itself  in  decreased  costs.  The 
experience  of  many  contractors  with  material  contracts, 
during  the  war  and  post-war  period,  had  a  direct  ten- 
dency to  increase  contract  prices. 

Another  problem  under  this  heading  is  the  matter  of 
responsibility  for  rejected  material.  Some  producers 
refuse  to  accept  responsibility  for  material  condemned 
after  unloading,  while  some  engineers  refuse  to  make 
final  inspection  until  the  material  is  unloaded.  Uni- 
formity of  practice  and  understanding  in  this  matter 
will  remove  an  element  of  anxiety  and  loss  to  many  con- 
structors and  will,  doubtless,  i-eflect  itself  in  lower  con- 
tract prices.  Through  the  close  cooperation  of  all,  other 
inconveniences,  delays  and  expense  can  be  avoided. 

Transportation 

Our  chief  probleni  in  this  connection  is  to  assist  the 
railroads  and  indirectly  the  public,  in  the  elimination  of 
waste  and  expense,  by  so  designing  work  and  unloading 
facilities  as  to  provide  for  prompt  release  of  cars.  During 
the  working  season,  thousands  of  railroad  cars  are  de- 
voted entirely  to  transportation  of  highway  materials. 
Much  expense  can  be  avoided  and  added  efficiency  se- 
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cured  for  the  railroads  through  a  study  of  car  movements 
and  routings. 

The  Engineering  News  Record,  in  a  recent  editorial, 
charKed  that,  during  the  past  three  years  of  intensified 
paving  construction,  contractors  had  done  practically 
nothing  towards  standardization  of  methods  and  equip- 
ment. Standardization  of  equipment  holds  great  possi- 
bilities for  eflSciency  and  economy  and  organized  con- 
struction is  already  moving  in  this  direction.  Here  again 
the  working  out  of  standard  specifications  for  the  country 
at  large  will  do  much  to  facilitate  matters  as  it  frequently 
happens  that  equipment  suitable  for  construction  in  one 
state  is  not  suitable  in  another. 

Surety  Companies 

One  of  our  greatest  problems  lies  in  our  relation  with 
the  surety  companies,  and  it  will,  perhaps,  be  interesting 
to  call  attention  to  the  following  resolution  adopted  at 
a  recent  convention  of  highway  contractors. 

"Resolyed,  That  it  is  the  sense  of  this  meeting  that  a  reduc- 
lion  In  the  cost  of  highway  construction  can  be  effected 
through  a  reduction  by  the  surety  companies  of  the  premium 
now  charged  for  contract  bonds;  and,  it  is  believed  this  reduc- 
tion will  be  justified  by  a  more  careful  investigation  upon  the 
part  of  the  surety  companies,  of  contractors  whom  they  bond." 


This  resolution  was  adopted,  with  a  request  to  a  prom- 
inent surety  executive  present  at  the  conference  that  he 
present  same  to  the  surety  companies'  association  for  con- 
sideration and  action.  It  is  not  going  too  far  to  allege  that 
much  demoralization  has  been  caused  in  our  industry 
( and  much  indirect  to  the  taxpayers  through  delayed  and 
unsatisfactory  work)  by  the  bonding  of  irresponsible 
concerns.  Within  the  past  ten  years,  there  has  been  an 
increase  of  approximately  100  per  cent,  in  bond  premiums 
and,  within  the  past  thirty  years,  the  increase  has  been 
comparatively  greater. 

In  conclusion,  it  is  believed  that,  when  the  problems 
outlined  herein  have  been  solved,  there  will  be  fewer 
abandoned  contracts,  less  loss,  trouble  and  expense  to 
the  public  in  being  deprived  of  the  use  of  its  highways 
through  delayed  and  unsatisfactory  work,  a  saving  to 
the  taxpayers  in  cheaper  work  resulting  from  the  elimina- 
tion of  improper  risks  in  contracts,  lower  engineering 
costs  through  more  expeditious  execution  of  work,  better 
work  by  better  satisfied  constructors,  a  better  .satisfied 
public  and  a  better  and  cleaner  highway  construction  in- 
dustrv. 


Cost  Keeping  on  Highway  Construction 


By  A.  B.   liOSHf 


From  an  extensive  investigation  made  about  six  years 
ago  by  the  Bureau  of  Public  Roads  it  was  found  that  gen- 
erally very  little  cost  keeping  was  done  by  state  and 
county  highway  departments  on  highwa.y  work.  Where 
practical  and  eflScient  cost  keeping  existed  it  was  usually 
found  to  be  on  work  done  by  the  state  highway  depart- 
ments. There  was  at  that  time  very  little  interest  mani- 
fested by  public  officials  in  cost  keeping  on  highway  work. 
A  similar  condition  with  respect  to  cost  keeping  existed 
to  a  large  extent  among  road  contractors.  At  this  time 
there  had  been  a  long  period  of  almost  uniform  conditions 
with  respect  to  labor,  materials,  types  of  construction, 
and  processes.  The  successful  contractor  had  grown  up 
in  the  business  and  had  rules  and  methods  of  his  own  for 
estimating,  which  were  based  on  years  of  experience  and 
he  did  not  feel  the  need  of  cost  statistics.  The  greater 
portion  of  the  highway  work  of  the  time  was  done  by  the 
type  of  contractor  referred  to  as  having  his  hat  for  his 
o£Bee  and  his  check  book  for  his  cost  record  of  the  job. 
The  more  substantial  contracting  organizations  and  espe- 
eially  those  which  did  not  confine  their  operations  to 
road  work  exclusively  carried  cost  keeping  records  on 
their  road  work.  As  a  rule  highway  engineers  attempted 
to  obtain  the  costs  on  contract  work  but  generally  did 
not  give  sufficient  attention  to  the  details  of  cost  keeping 
to  obtain  complete  and  reliable  data. 


•  Paper  presented  at  Nineteenth  Annual  Convention  of  the 
American  Road  Builders'  Association,  Chicago,  HI.,  Jan.  16-20, 
lt22. 

t  Asafstant  Chief  of  Construction,  T7.  S.  Bureau  of  Public 
Roads. 


It  has  developed  from  a  recent  preliminary  study  of 
highway  cost  keeping  conditions  that  there  has  been  a 
substantial  improvement  since  the  investigations  pre- 
viously referred  to  were  made.  Of  recent  yeara,  due  to  a 
scarcity  of  conttactors  in  the  highway  field,  it  has  been 
necessary  for  states  and  counties  to  do  a  large  amount  of 
highway  work  with  day  labor  forces  and  the  value  of 
cost  keeping  as  a  check  on  expenditures  and  as  a  guide 
to  efficient  management  has  led  to  the  installation  of  cost 
keeping  of  some  kind  on  this  work.  In  addition  to  serv- 
ing these  ends  much  valuable  cost  data  have  been  accumu- 
lated which  form  an  important  part  of  the  fiscal  records 
of  the  work  and  have  also  been  used  advantageously  in 
])lacing  other  work  under  contract.  The  advantages  of 
keeping  cost  on  day  labor  work  are  generally  recognized 
but  there  are  divergent  views  with  respect  to  keeping 
costs  on  contract  work.  As  a  result  it  will  be  found  that 
with  one  state  highway  department  cost  keeping  on  con- 
tract work  is  incidental  to  the  inspection  and  the  resi- 
dent engineer  or  inspector  is  to  considerable  extent  left 
to  his  own  devices  in  this  regard,  while  with  another  state 
highway  department  the  cost  keeping  is  one  of  the  impor- 
tant functions  of  the  residency  and  not  considered  a  side 
line  by  any  means. 

When  the  cost  on  contract  work  is  considered  advan- 
tageously the  method  followed  is  either  to  select  the  jobs 
which  will  supply  the  information  desired  or  to  cover  the 
entire  program  and  keep  costs  on  all  contracts.  In  either 
case  there  should  be  sufficient  force  available  to  handle 
the  inspection  and  cost  keeping  properly.    It  will  be  diffi- 
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cult  if  not  impossible  to  secure  satisfactory  results  un- 
less the  inspectors  or  cost  keepers  receive  specific  instruc- 
tions as  to  what  they  are  to  do,  are  supplied  with  stand- 
ard recording  and  report  forms,  and  their  cost  keeping 
supervised  as  well  as  their  inspection  work.  It  is  not 
meant  to  infer  that  cost  keeping  is  of  the  same  impor- 
tance as  the  inspection  of  the  construction,  but  that  if 
cost  keeping  is  to  be  carried  on  at  all  it  should  have  more 
than  casual  attention  from  the  administrative  authori- 
ties. 

The  advantages  resulting  from  keeping  costs  on  con- 
tract work  are  usually  given  as  follows : 

1.  Valuable  cost  data  are  secured  which  may  be  used 
for  estimating  purposes. 

2.  The  department  has  available  necessary  cost  data 
for  making  settlement  with  contractor  where  unfore- 
seen conditions  are  involved. 

3.  Engineers  and  inspectors  receive  training  in  use  of 
cost  data  and  making  up  of  estimates. 

4.  Provides  a  means  for  analyzing  cost  of  work  which 
may  lead  to  development  of  more  economical  de- 
signs and  methods. 

5.  In  some  cases  of  assistance  to  the  contractor  who 
may  not  have  an  adequate  cost  system. 

The  Bureau  of  Public  Roads  has  abandoned  the  prac- 
tice of  keeping  costs  on  all  of  its  contract  jobs  but  is 
instead  keeping  costs  on  all  day  work  and  on  such  con- 
tracts where  it  is  thought  the  data  will  be  advantageous 
to  the  Bureau.  It  will  prove  advantageous  to  a  state 
highway  depaitment  to  collect  cost  data  on  a  number  of 
representative  contracts  each  year  as  a  general  check  on 
the  cost  of  its  designs  and  also  to  determine  the  margin 
of  profit  contractors  are  getting. 

The  increasing  use  of  cost  keeping  by  contractors  is 
even  more  pronounced  than  in  the  case  of  the  state  and 
county  organizations.  This  is  due  principally  to  the 
unsettled  conditions  during  the  past  three  years  which 
have  made  estimating  more  difficult  and  renderd  as  prac- 
tically useless  many  cost  data  and  hypothetical  rules 
used  a  few  years  ago.  New  construction  methods,  and 
especially  those  processes  requiring  a  more  extensive  use 
of  equipment  have  also  increased  the  need  of  cost  keep- 
ing. Possibly  the  increasing  number  of  engineers  in  the 
contracting  field  las  had  some  effect  in  turning  con- 
tractors to  cost  keeping.  It  will  be  found  that  highway 
contractors  are  now  working  individually  and  through 
their  organizations  for  more  systematic  and  businesslike 
methods  in  estimating  work  and  in  the  keeping  of  con- 
struction costs.  While  no  uniform  method  for  keeping 
highway  costs  has  as  yet  been  suggested  by  contractors' 
organizations,  practically  all  contractors  are  now  keep- 
ing costs  on  their  work.  Some  of  the  systems  used  are 
almost  of  the  check-book  class  in  simplicity  but  they 
vary  from  this  to  a  codified  system  of  accounts  divided 
and  subdivided  to  collect  cost  of  labor,  materials,  equip- 
ment and  supervision  on  various  operations.  It  appears 
that  the  present  tendency  is  for  highway  contractors  to 


develop  cost  keeping  systems  comparable  with  those  in 
use  by  the  building  industry. 

The  primary  purpose  of  cost  keeping  is  to  ascertain 
the  actual  cost  of  production.  Not  what  the  cost  should 
bf  but  what  it  is.  For  a  contractor 's  use  the  cost  system 
should  furnish  reliable  data  on  current  costs.  In  this 
way  a  periodic  check  on  the  cost  of  the  work,  which  is 
an  indication  of  the  efficiency  of  the  organization,  is 
available  as  a  managerial  aid  to  the  contractor  or  his  su- 
perintendent. The  function  of  a  cost  system  is  of  espe- 
cial value  on  highway  work  where  there  are  usually  a 
number  of  operations  under  way  simultaneously  on  dif- 
ferent parts  of  the  job  and  in  consequence  all  of  the 
workmen  are  not  continuously  under  the  observation  of 
the  superintendent.  Next  in  the  importance  to  the  con- 
tractor is  the  value  of  cost  data  as  a  guide  for  estimat- 
ing future  work.  The  increasing  complexity  of  highway 
construction  is  making  cost  keeping  of  more  importance. 
The  large  sums  of  money  now  involved  in  road  contracts 
mean  more  items  of  work,  new  processes,  and  additional 
operations  over  former  requirements.  To  estimate  the 
cost  involved  without  comparable  cost  data  is  becoming 
too  costly  a  hazard.  It  is  not  enough  to  know  that  there 
was  a  net  profit  on  the  job,  but  in  order  to  use  the  data 
for  estimating  purposes  it  must  be  known  by  items  and 
operations  the  actual  cost  of  production. 

In  the  construction  industry  it  is  not  practicable  to 
determine  unit  costs  with  the  provision  and  refinement 
that  obtains  in  the  manufacturing  industry.  This  is  due 
to  the  variable  nature  of  the  construction  product  and 
the  frequent  change  of  conditions.  Also,  since  conditions 
are  not  identical  on  any  two  jobs  cost  data  from  one  is 
only  an  approximate  comparison  for  another.  For  these 
reasons  cost  data  must  be  used  as  a  guide  or  measure  in 
forecasting  future  costs.  Cost  data  on  new  or  unusual 
methods  of  construction  and  on  the  use  of  various  plant 
units  are  of  particular  value  as  similar  conditions  are 
likely  to  be  encountered  in  the  future  and  a  basis  for  cost 
estimates  is  available. 

It  is  believed  that  the  proper  basis  for  a  cost  system  is 
the  four  principal  elements  of  cost  allocated  to  the  units 
of  production. 

(a)  Labor  Costs 

(b)  Material  Costs. 

(c)  Equipment  Costs 

(d)  Administration  Costs  or  General  Expenses. 

The  products  of  highway  construction  to  which  these 
cost  elements  are  assignable  are  road  parts.  Fundamen- 
tally these  parts  are : 

(.a)  The  right  of  way 

(b)  The  roadside,  shoulders,  and  grade 

(c)  The  travelled  way  or  roadway  proper 

(d)  Drainage  channels  or  ditches  and  drains 

(e)  Drainage  structures  or  bridges  and  culverts 

(f)  Supplementary  structures  of  miscellaneous  road 
parts,  such  as  guard  rails,  retaining  walls,  guide 
posts,  etc. 

Thus,  there  are  six  major  products  on  each  of  which 
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there  may  be  four  elements  of  expense  or  cost;  conse- 
quently, we  have  24  cost  divisions.  Since  general  ex- 
pense ia  not  ordinarily  ascertained  directly  on  production 
but  is  pro  rated  to  the  various  operations  the  actual  cost 
divisions  with  which  the  cost  keeper  is  directly  concerned 
are  reduced  to  18.  It  is  believed  that  this  is  the  mini- 
mum number  of  cost  divisions  which  will  provide  a  satis- 
factory highway  cost  keeping  system.  These  cost  di- 
visions are  susceptible  of  much  further  analysis  by  break- 
ing them  up  into  various  operations.  For  example,  a 
square  yard  of  concrete  roadway  is  one  of  the  unit 
products.  The  cost  divisions  for  this  are  three,  i.  e., 
labor,  materiak,  and  equipment.  To  these  three  may  be 
added  the  pro  rated  general  expense.  For  further  analy- 
sis, this  square  yard  of  roadway  may  be  subdivided  into 
Bobgrade  finishing,  placing  of  forms,  hauling  materials, 
mixing  concrete,  placing  concrete,  curing  concrete,  etc. 
This  illustrates  how  the  system  may  be  extended  to  meet 
the  requirements  of  any  desired  analysis. 

In  placing  the  cq^t  items  against  the  appropriate  con- 
struction items  the  greatest  difficulty  appears  to  be  in 
correcting  the  equipment  costs  and  "administration 
costs."  It  is  the  experience  of  the  Bureau  of  Public 
Roads  on  its  own  work  that  these  items  are  given  less 
attention  in  the  pi-eparation  of  estimates  and  in  the 
segregation  of  cost  to  construction  items  than  the  more 
nearly  definite  items  of  "labor"  and  "materials." 

The  handling  of  equipment  costs  has  been  greatly 
fiiiiiplified  by  the  use  of  a  rental  factor  computed  to  cover 
fixed  charges,  depreciation,  overhauling,  lost  time,  stor- 
age, and  supervision.  In  the  case  of  its  own  plant  the 
Bureau  has  prepared  rental  schedules  for  all  units  of 
equipment  having  a  useful  life  of  more  than  one  working 
season  and  costing  more  than  twenty-five  doUans.  Small 
tools  and  those  which  are  usually  worn  out  on  one  job 
are  handled  the  same  as  materials.  This  plan  has  been  in 
operation  three  years  and  except  for  a  change  from  a 
monthly  to  a  daily  basis  it  is  practically  the  same  as 
originally  developed.  It  has  proven  satisfactory  on  both 
day  labor  and  contract  work  of  the  Bureau.  A  rental 
factor  of  this  kind  is  necessary  where  current  costs  are 
determined  for  purposes  of  management.  If  greater  ac- 
curacy is  desirable  for  fiscal  purposes  an  annual  ap- 
praisal of  the  equipment  may  be  made  and  the  deprecia- 
tion, repair,  storage  and  other  charges  pro  rated  to  the 
projects  which  have  used  the  equipment. 

As  general  expense  is  not  usually  assignable  directly 
to  units  of  construction  and  many  of  the  expenditures  do 
not  come  to  the  attention  of  the  cost  keeper  on  the  job 
there  is  a  tendency  to  overlook  this  element  until  .the 
project  nears  completion,  at  which  time  the  cost  is  pro 
rated  to  the  work  completed.  The  result  is  a  sudden 
jump  in  unit  costs.  Even  with  this  apparent  defect  this 
may  prove  the  best  method  to  adopt  as  it  greatly  sim- 
plifies the  handling  of  general  expense  items.  Where 
limited  funds  require  eareful  attention  to  gross  expendi- 
ture on  a  project  this  method  is  not  recommended.  Occa- 
sionally it  is  found  that  the  general  expen.se  is  quite  high 


in  starting  a  job  and  if  this  is  pro  rated  to  the  small 
accomplishment  during  the  first  few  weeks  of  the  work 
tliere  are  shown  abnormally  high  unit  costs  which  are  not 
a  true  indication  of  conditions.  Two  suggestions  are  of- 
fered for  the  handling  of  general  expense.  First,  it  will 
be  found  advantageous  to  divide  general  expense  into 
two  parts,  one  of  which  includes  those  costs  which  are 
assignable  directly  to  the  project  and  the  other  the 
general  administration  costs  of  the  organization  which 
must  be  pro  rated  to  all  its  various  projects.  This  latter 
part  need  not  be  considered  in  current  cost  reports  as  it 
does  not  in  any  way  affect  the  efficiency  of  the  construc- 
tion organization  on  th'e  project.  This  part  of  the  gen- 
eral expense  may  be  apportioned  to  the  project  upon  its 
completion.  The  second  suggestion  is  that  the  amount 
of  general  expense  (project)  taken  up  and  pro  rated 
on  current  reports  be  a  percentage  of  the  total  probable 
general  expense,  which  percentage  to  be  not  greater  than 
the  percentage  of  the  project  completed.  For  example, 
if  the  project  is  only  10  per  cent  complete,  pro  rate  to 
completed  work  not  more  than  10  per  cent  of  the  total 
probable  general  expense.  On  projects  where  the  cost 
of  "moving  in",  "camp  installation",  "organizing", 
and  ' '  disorganizing  "  is  of  a  considerable  amount  the  unit 
construction  costs  are  liable  to  be  materially  affected  if 
this  entire  cost  is  distributed  before  the  work  is  well 
under  way. 

A  cost  keeping  system  to  be  successful  must  be  based 
on  certain  fundamental  principles.  First  of  all  it  must 
be  designed  to  furnish  the  particular  information  sought. 
This  feature  can  not  be  too  strongly  emphasized  as  not 
infrequently  much  more  time  is  spent  in  perfecting  quasi- 
scientific  forms,  codes,  and  procedure  than  is  given  to 
working  out  a  system  for  getting  at  the  cost  of  doing 
work.  The  system  devised  must  be  reliable  and  accurate 
to  a  practical  extent.  In  so  far  as  field  procedure  is  con- 
cerned simplicity  is  a  very  important  consideration  and 
it  should  be  such  that  the  required  data  can  be  success- 
fully compiled  by  foreman  and  timekeepers.  The  effec- 
tiveness of  the  system  will  depend  to  a  great  extent  on 
the  celerity  with  which  the  unit  costs  may  be  ascertained. 
Unless  the  cost  of  doing  the  work  can  be  determined 
easily  and  promptly  its  value  as  an  aid  to  efficient  man- 
agement is  lost.  Some  consideration  should  be  given  to 
making  the  cost  system  adaptable  to  the  general  work  of 
the  organization  and  not  design  it  entirely  for  an  indi- 
vidual job  or  set  of  conditions.  It  requires  time  and  con- 
siderable patience  to  get  a  system  in  working  order  and 
frequent  changes  in  forms  and  instructions  should  be 
avoided  as  they  are  generally  disconcerting  to  the  men 
in  charge  of  construction  work.  It  must  be  understood 
that  cost  keeping  ties  in  the  general  bookkeeping  scheme 
of  the  organization  and  is  not  to  be  operated  independent 
of  the  regular  accounting.  While  the  cost-keeper  and 
bookkeeper  make  different  use  of  the  information,  the 
basic  data  used  should  be  the  same.  One  of  the  reasons 
cost  keeping  has  not  received  more  encouragement  in  the 
past  from  engineers  and  contractors  has  been  the  ques- 
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tion  of  its  cost.  A  system  laid  out  aloug  the  lines  indi- 
cated and  designed  to  give  the  information  needed  for  the 
proper  supervision  or  administration  of  the  work  of  an 
organization  need  not  be  expensive  considering  the  vol- 
ume of  business  it  handles.  It  is  when  a  system  is  de- 
veloped beyond  the  requirements  of  the  organization  that 
cost  becomes  an  important  consideration. 

A  review  of  the  present  status  of  cost  keeping  on  high- 
way work  indicates  that  it  is  still  very  much  in  a  forma- 
tive stage.  There  are  some  excellent  systems  in  operation 
in  many  of  the  state  highway  departments  and  among 
the  larger  contracting  organizations,  but  on  the  larger 
part  of  the  extensive  highway  program  cost  keeping  as 
practiced  leaves  much  to  be  desired.  A  great  step  for- 
ward would  be  accomplished  by  a  general  classification 
of  cost  keeping  terms.  Many  of  these  as  now  used  are 
subject  to  several  interpretations.  Engineers  and  ac- 
countants could  materially  improve  the  situation  by 
reaching  a  common  understanding  in  this  regard. 

As  an  indication  of  the  present  interest  in  highway 
cost  keeping  it  is  interesting  to  note  that  since  the  pub- 
lication by  the  Bureau  of  Public  Roads  of  its  Cost  Keep- 
ing Bulletin  more  than  five  thousand  copies  have  been 
distributed. 


NOTES  OF  NEW  YORK  STATE 

ROAD  BUILDERS'  ASSOCIATION 

John  W.  Whalcn,  a  retired  road  contractor,  prominent 
for  more  than  fifty  years  in  railway,  canal  and  highway 
construction  celebrated  the  fiftieth  anniversary  of  his 
marriage  this  month  in  Albany,  N.  Y.  Mr.  Whalen  re- 
tired from  the  contracting  business  five  years  ago.  He 
was  connected  with  the  building  of  the  upper  part  of 
the  Mohawk  and  ilalone  Railroad  in  the  Saranac,  Lake 
Clear  and  Malone  section,  and  constructed  the  first  rail- 
road in  San  Domingo  from  Puerta  Piatt  to  Santo  Do- 
mingo. 


The  appeal  of  the  State  of  New  York  from  a  decision 
of  the  Appellate  Division,  fourth  department,  reversing 
the  decision  of  the  Court  of  Claims  in  dismissing  the 
claim  of  John  H.  Gordon  of  Albany,  N.  Y.,  against  the 
State  was  argued  on  January  13th  before  the  Court  of 
Appeals.  This  claim  comes  under  the  Knight  Law  passed 
by  the  Legislature  in  the  year  1919.  authorizing  the  Com- 
missioner of  Highways  to  cancel  all  highway  improve- 
ment contracts  which  were  begun  after  the  beginning  of 
the  "World  War  and  allow  the  Court  of  Claims  to  settle 
claims  of  contractors  who  were  not  in  default  on  their 
contracts,  for  increased  cost  of  materials  and  labor  they 
were  compelled  to  pay  for  work  done,  and  relieving  them 
from  further  liability  on  their  contracts. 

A.  E.  Rose.  Deputy  Attorney  General,  attacked  the 
constitutionality  of  the  law  on  the  ground  that  it  was 
giving  the  credit  and  money  of  the  state  to  private  indi- 
viduals, and  that  the  Legislature  was  prohibited  from 
granting  extra  compensation  to  public  officers  and  con- 
tractors. 


Benjamin  P.  Wheat,  appearing  for  Mr.  Gordon,  con- 
tended that  the  law  is  constitutional  as  it  was  the  recog- 
nition of  a  moral  obligation  of  the  state  to  protect  con- 
tractors from  loss  by  reason  of  increase  in  the  cost  of  the 
work  contracted  for  due  to  war  conditions. 


At  the  letting  which  took  place  on  January  10,  there 
were  contractors  from  New  York,  New  Jersey,  Pennsyl- 
vania, Massachusetts  and  Vermont,  numbering  142,  bid- 
ding on  nine  state  highway  contracts.  Competition  was 
very  sharp.  There  were  51.03  mi.  of  road  in  the  letting 
repr^enting  a  cost  of  $1,300,335.  There  were  23  bid- 
ders on  the  Angelica-Canaseraga,  Allegany  County  con- 
tract, and  28  bidders  on  the  Pavilion-Batavia,  Genesee 
County  contract. 


The  annual  meeting  of  the  New  York  State  Road 
Builders'  Association  took  place  on  Tuesday,  Jan.  10,  at 
the  rooms  of  the  association,  Journal  Building,  Albany, 
N.  Y.  The  meeting  was  largely  attended,  and  matters  of 
vital  interest  to  all  contractors  was  discussed. 

In  the  evening  at  6 :00  P.  M.  at  the  Hampton  Hotel  a 
Banqiiet  was  given  which  was  attended  by  the  mem- 
bers of  the  association  and  associate  members,  as  well  as 
many  contractors  doing  work  in  New  York  State. 

John  H.  Gordon,  President  of  the  association,  was  mas- 
ter of  ceremonies.  The  speakers  were  Commissioner  Sis- 
son,  Mayor  George  R.  Lunn,  of  Schenectady,  N.  Y.,  Dr. 
P.  T.  O'Reilly,  Holyoke,  Mass.,  Ransom  Rowe,  President 
of  the  New  England  Road  Builders'  Association,  Fred- 
erick Stuart  Greene,  former  Highway  Commissioner,  and 
Judge  James  A.  Parsons. 

The  menu  cards  at  the  banquet  were  enclosed  in  a 
cover  resembling  a  steam  roller  and  were  considered  very 
appropriate,  and  were  carried  away  by  the  diners  as  a 
very  interesting  soavenir. 


LEWIS  S.  SADLER  DIES 

Lewis  S.  Sadler,  State  Highway  Commissioner  of 
Pennslyvania,  died  suddenly  on  January  20  at  his  home 
in  Carlisle.  Mr.  Sadler  took  office  three  years  ago,  dur- 
ing which  time  1,000  mi.  of  state  highways  have  been 
completed. 

Commissioner  Sadler's  wife  died  about  six  years  ago 
and  his  father  died  last  year.  His  two  brothers  are, 
Sylvester  B.  Sadler,  a  justice  of  the  Supreme  Court  of 
Pennsylvania,  and  Dr.  Horace  T.  Sadler,  of  Carlisle. 

During  the  entire  time  Mr.  Sadler  was  State  Highway 
Commissioner  he  did  not  turn  in  an  expense  account. 
His  traveling  expenses,  hotel  biUs,  etc.,  incurred  during 
his  inspection  of  state  highways  were  paid  out  of  his  own 
pocket.  When  the  last  legislature  gave  the  commissioner 
the  power  to  fix  the  salaries  of  every  attache  of  the  de- 
partment, he  placed  the  salary  of  the  assistant  commis- 
sioner in  excess  of  that  of  the  commissioner. 
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MEETINGS 


Calendar  of  Coming  Meetings 

Jan.  27-28 — Western  Paving  Brick  Manufacturers' 
Association — Annual  meeting,  Kansas  City,  Mo. 

Feb.  12-17 — Conference  on  Highway  Engineering. — 
Eighth  Annual  Conference,  University  of  Michigan,  Ann 
Arbor,  Mich. 

Feb.  21-22 — Kentucky  Association  of  Highway  Con- 
tractors— Annual  meeting.  Louisville,  Ky.  Secretary, 
D.  R.  Lyman.  Louisville,  Ky. 

June  4-6— American  Association  of  Engineers — An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary,  C.  E. 
Drayer,  63  E.  Adams  St.,  Chicago,  111. 

June  26-Jiily  1 — ^American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineere'  Club  Bldg.,  Phila- 
dephia.  Pa. 


the  Public  Schools, ' '  by  Miss  Harriet  Beard,  Supervisor 
of  Safety  Education,  Detroit,  Mich;  "The  Uses  of  the 
Highway."  by  Dr.  J.  G.  McKay,  Univei^sity  of  Wiscon- 
sin ;  ' '  The  Training  of  Engineers  for  the  New  Highway 
Building  Program, "  by  D.  V.  Terrell,  Professor  of  Civil 
Kngineerinp.  University  of  Kentucky. 


UNIVEKSITY  OF  KENTUCKY  TO 

HOLD  HIGHWAY  CONFERENCE 

A  conference  on  highway  economies  and  highway 
ti-ansport  ^vill  be  held  January  31  and  February  1  at 
the  University  of  Kentucky,  Lexington,  under  the  aus- 
pices of  the  university,  the  Highway  and  Highway 
Transport  Education  Committee  of  the  United  States 
Bureau  of  Education  and  the  Kentucky  State  Highway 
Department.  The  sessions  of  the  fii-st  day  will  be  pi'e- 
sided  over  by  W.  E.  Freeman,  Acting  Dean,  College 
of  Engineering  of  the  University  of  Kentucky.  Dr. 
Frank  L.  McVey,  President  of  the  university  will  de- 
liver the  address  of  welcome.  Sessions  on  the  second  day 
will  be  presided  over  by  Col.  H.  Green  Garrett,  Chair- 
man, Virginia  State  Highway  Commission. 

The  following  papers  will  be  presented:  "The  Rela- 
tion of  the  United  States  Bureau  of  Education  to  High- 
way Development,"  by  Dr.  John  J.  Tigert,  U.  S.  Com- 
missioner of  Education ;  "The  Future  of  Highway  Trans- 
port," by  E.  S.  Jordan,  President,  Jordan  Motor  Co.; 
"Recent  Developments  in  Highway  Engineering  Re- 
search," by  Dr.  W.  K.  Hatt,  National  Research  Council; 
"The  Purpose  of  Highway  Development  in  the  United 
States,"  by  Thomas  H.  MacDonald,  Chief,  U.  S.  Bureau 
of  Public  Roads;  "Kentucky's  Road  Problem,"  by  Joe 
S.  Boggs,  State  Highway  Engineer  of  Virginia;  "The 
Seope  and  Purpose  of  Federal  Aid  in  Behalf  of  Improved 
Highways  and  Its  Relation  to  the  States,"  by  John  M. 
Robinson,  Congressman  from  Kentucky;  "The  Farmer 
and  Good  Roads,"  by  J.  M.  Feltner,  University  of  Ken- 
tucky; "Possibilities  of  Maintaining  Lower  Cost  Sur- 
faces," by  W.  N.  Bosler,  Principal  Assistant  State  High- 
way Engineer  of  Kentucky ;  ' '  Safety  First  Education  in 


SOUTHWESTERN  INTERNATIONAL 

HIGHWAY  ASSOCIATION  FORMED 

To  improve  the  roads  in  the  Southwest  and  with  tlie 
aim  of  affording  a  motor  highway  from  ^Montreal  to 
-Mexico  City,  an  association  has  been  formed  known  as 
the  Great  Southwestern  International  Highway  Asso- 
ciation. 

The  highway  route  will  touch  such  cities  in  the  order 
named  as  Quebec,  following  the  New  York-Albany-Que- 
bee  route  through  ilontrcal  to  Rouse's  Point,  N,  Y., 
thence  to  Malone,  Watertown,  Rochester,  via  the  Theodore 
Roosevelt  International  Highway;  Rochester  to  Buffalo, 
Krie,  Cleveland,  Cincinnati,  via  the  Ohio  Market  Road 
No,  1 ;  Cincinnati  to  Covington,  Ky.,  thence  to  Frankfort, 
Louisville,  West  Point,  Hardinsburg.  Cloverport,  Owens- 
boro,  Henderson,  Morganfield,  Mai-ion,  Smithfield,  Padu- 
cah,  Wickliffe,  to  Cairo,  111,,  where  the  trail  will  cross 
the  Mississippi  River  to  Bird's  Point,  Charleston,  Sikes- 
ton,  Dexter,  Poplar  Bluff,  thence  to  Little  Rock,  Ark. 
From  Little  Rock  the  trail  will  continue  to  Texarkana, 
Texas ;  Dallas,  Waco,  Austin,  San  Antonio  to  Laredo,  and 
then  across  the  border  to  Mexico  City,  via  the  Lone  Star 
route. 

The  highway  will  be  marked  by  a  12  in.  black  square 
^vith  two  inches  of  white  at  the  top  and  bottom  and  a 
2  in.  diajjonal  orange  stripe. 


PERSONAL  MENTION 


C.  D.  Shawver  has  been  appointed  city  engineer  of 
Cheyenne,  Wyo. 

C.   A.    Poole   has   been   appointed   city   engineer   of 
Rochester,  N.  Y. 

Norman  E.  Brown  has  resigned  as  director  of  public 
works  of  Pittsburg.  Pa. 

E.  H,  Willis  has  been  appointed  county  engineer  of 
Burlington  County,  New  Jersey. 

L.  E.  Prouty  has  succeeded  S.  M.  Adams  as  county  en- 
■jineer  of  Mobile  County,  Alabama. 

C.  D.  Buck  has  been  appointed  chief  engineer  of  the 
Delaware  State  Highway  Department. 

George  M.  Coughlin  has  been  appointed  director  of 
public  works  of  Bridgeport,  Conn. 
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Concrete  Roads 
must  be  Reinforced 

It  is  demonstrated  beyond  doubt  that  to 
make  concrete  roads  proof  against  heavy  motor 
traffic,  weather  and  time  a  fabric  of  steel 
must  be  incorporated   in   the  concrete. 

Several  great  States  have  so   ruled. 

American 
Steel  and  Wire  Company's 

Concrete 
Reinforcement 

Fulfills    Every    Engineering    Requirement 

Send  for  our  book  on  rond  building 
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PERFECT  APPLICATION 

HEATER  a,u/  DISTRIBUTOR 

will   heat  and  apply  all  varieties  of  bituminous  products 
now    in    use     for    road    construction    and    maintenance. 

GET    OUR    CATALOG 

KINNEY  MANUFACTURING  CO. 
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Spreading  the  Gospel 
of  Mudless,  Dustless, 
All-year  Roadb 

WHEREVER  you  have  seen  one  of  thesie  trucks  at 
work  you  may  be  sure  that  GOOD  ROADS  have 
come  to  that  community.  For  the  Tarvia  Truck  Sprayer 
is  the  herald  of  smooth,  dustless,  mudless  "all-year"  roads 
that  are  less  expensive  to  build  and  maintain  than  any 
other  type  of  modern  highway. 

How  about  the  roads  in  your  community? 

If  you  have  any  road  problems — either  construction, 
maintenance  or  repairs  —  put  them  up  today  to  the 
engineers  of  our  Special  Service  Department.  Their 
advice,  based  on  wide  experience  with  every  type  of 
highway  construction,  is  free  for  the  asking — and  it 
involves  »o  obligation  whatever  on  your  part.  Please 
address  your  Jetter  to  our  nearest  branch. 
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Selection  of  Mineral  Aggregates  for 
Concrete  Roads* 


By  DUFF  A.   ABBAMSf 


The  widespread  use  of  concrete  in  road  construction 
is  one  of  the  most  remarkable  developments  in  recent 
years.  The  severe  service  to  which  such  concrete  is 
subjected  has  given  rise  to  much  experimental  work  in 
an  effort  to  determine  the  materials  and  methods  of 
constriiction  which  give  the  best  results. 

The  aggregate  comprises  about  80  to  85%  of  the  total 
volume  of  materials  used  in  concrete;  consequently  this 
type  of  material  is  of  considerable  interest  to  all  who 
are  engaged  in  concrete  raad  construction.  On  account 
of  the  great  weight  and  expense  of  shipping  long  dis- 
tances, it  is  essential  that  aggregates  near  at  hand  be 
used  if  they  are  at  all  suitable.  Due  to  the  almost  end- 
ess  variety  of  materials  available,  the  preparation  of  a 
proper  specification  and  methods  of  test  are  most  com- 
plicated. The  requirements  to  be  met  must  be  dictated 
to  a  certain  degree  by  local  conditions  and  economic 
considerations.  Many  researches  both  in  the  field  and 
in  the  laboratory  have  been  carried  out  during  the  past 
few  months  or  are  now  under  way  which  throw  much 
light  on  the  proper  requirements  for  aggregates  for 
concrete  roads. 

General  Requirements 

Aggregate  for  concrete  road  construction  should  be 
clean,  structurally  sound  and  inert  in  the  presence  of 
cement  and  water.  These  properties  imply  also  a  cer- 
tain quality  which  we  may  term  weather-resistance.  A 
wide  variety  in  size  and  grading  may  be  used  with 
satisfactory  results. 

A  digest  of  the  specifications  for  concrete  roads  of 
the  state  highway  departments  shows  that  about  80%  of 
the  states  have  some  requirements  for  the  abrasive  re- 
sistance of  coarse  aggregates.  Generally  the  minimum 
size  of  coarse  aggregate  is  placed  at  54  in.  and  the  maxi- 
mum size  at  154  to  3  in.     The  requirements  for  fine 


*Paper  presented  at  Nineteenth  Annual  Convention  of  the 
American  Road  Builders'  Association,  Chicago,  111.,  Jan.  16-20. 

tProfessor  In  Charge  of  Structural  Materials  Research 
Laboratory,  Lewis  Institute,  Chicago,  111. 


aggregates  are  somewhat  less  specific;  the  grading  is 
generally  specified  as  finer  than  %  in.  In  some  instances 
certain  requirements  for  smaller  sieves  are  included. 
Mortar  strength  tests  are  generally  required. 

Aggregate  Tests 

Tests  of  concrete  aggregates  are  made  for  two  dis- 
tinct purposes:  (1)  to  establish  underlying  principles, 
and  (2)  to  determine  whether  a  given  sample  conforms 
to  certain  predetermined  standards. 

The  two  purposes  in  testing  mark  the  distinction  be- 
tween research  and  inspection. 

Tests  of  aggregates  have  been  undergoing  marked 
changes  during  the  past  few  years.  The  earliest  tests 
of  coarse  aggregate  were  adapted  directly  from  those 
made  on  rocks  for  macadam  roads.  Experience  has 
shown  that  the  tests  for  hardness,  toughness  and  cemen- 
tation value  are  of  lititlc  use  in  judging  of  the  quality 
of  an  aggregate  for  concrete. 

It  is  unfortunate  that  standard  tests  for  concrete 
aggregates  have  not  thus  far  been  developed  and  gen- 
erally accepted.  The  American  Society  for  Testing  Mate- 
rials, the  Bureau  of  Public  Roads  and  other  organiza- 
tions have  done  much  toward  standardization  but  much 
remains  to  be  done.  In  view  of  the  absesnee  of  generally 
accepted  standard  tests,  I  can  probably  do  no  better 
than  to  describe  the  tests  used  in  the  Structural  Mate- 
rials Research  Laboratory,  Lewis  Institute,  Chicago. 

Several  thousand  samples  of  both  fine  and  coarse  ag- 
gregates from  all  sections  of  the  United  States  have  been 
subjected  to  test  during  the  past  seven  years.  In  many 
instances  samples  were  sent  in  by  engineers  or  contrac- 
tors from  concrete  road  jobs.  Large  numbers  of  sam- 
ples were  collected  especially  for  research  purposes. 
The  methods  of  the  American  Society  for  Testing  Mate- 
rials have  been  followed  where  such  methods  have  been 
recommended.  It  should  be  noted,  however,  that  in  many 
instances  the  A.  S.  T.  M.  methods  have  only  recently 
been  published  as  tentative  standards  and  there  has  not 
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been  sufficient  time  for  them  to  come  into  general  use. 
Pine  aggregates  are  subjected  to  the  following  tests: 

Sieve  Analysis — Percent  coarser  than  Sieves  No.  100,  50, 
30.  16,  8  and  4.  (Follow  Tentative  Method  A.  S. 
T.  M..  1921.) 

Silt— Loss  of  weight  and  500-grani  sample,  due  to  wash- 
ing ill  shallow  pan  and  rejecting  wash  water.  (Fol- 
low A.  S.  T.  M.  Standard  ilethod  for  Test  for  Quan- 
tity of  Clay  and  Silt  in  Sand.) 

Unit  Weight— Puddle  into  1/10  cu.  ft.  cylindrical  meas- 
ure in  3  layers.  (Follow  A.  S.  T.  M.  Standard 
Method  of  est  for  Unit  Weight  of  Aggregate  for 
Concrete. 

Impurities  in  Sand — Digest  sample  in  3%  solution  of 
sodium  hydroxide,  observe  color  after  24  hr.  (Fol- 
low A.  S.  T.  :M.  Tentative  Method  of  Test  for  Or- 
ganic Impurities  in  Sands  for  Concrete.) 

Mortar  Strength — Compression  tests  of  2  x  4-in.  mortar 
cylinders  at  ages  of  7  and  28  days,  using  1 :3  mix 
by  weight  and  by  volume.  Make  parallel  tests  on 
1:3  Standard  sand  mortar.  (Follow  A.  S.  T.  M. 
Tentative  Test  for  Compressive  Strength  of  Port- 
land Cement  Mortars.) 
Coarse   Aggregate's  are  subjected  to   the  following 

tests,  so  far  as  the  quantity  of  material  permits: 

Sieve  Analysis — Percent  coarses  than  U.  S.  Sandard 
Sieves  No.  8,  4,  ^  in.,  ^in.  and  V/i  in.  (Follow  A. 
S.  T.  31.  Tentative  Standard.) 

Unit  Weight— Puddle  with  1/5  or  1/2  cu.  ft.  cylindrical 
measure  in  3  layers.  (Follow  A.  S.  T.  M.  Method 
of  Test  for  Unit  Weight  of  aggregate  for  Concrete.) 

Abrasion — Deval  abrasion  tests:  follow  A.  S.  T.  M. 
Standard  method  if  aggregate  is  satisfactorily 
graded ;  othenvise  use  test  as  modified  by  Rea,  Mat- 
timore  or  Abrams. 

Concrete  Strength — Compression  tests  of  6  x  12-in.  con- 
crete cylinders  at  ages- of  7  and  28  dajTS,  using  1:4 
mix  with  local  concrete  sand,  graded  up  to  No.  4 
sieve.  Make  5  cylinders  on  different  days  from  sep- 
arate batches,  niLxed  by  hand.  (Follow  Tentative 
Methods  of  Making  Compi-ession  Tests  of  Concrete 
of  the  A.  S.  T.  M.) 

Wear  of  Concrete — Use  8  x  8  x  5-in.  blocks  in  Talbot- 
Jones  rattler ;  1 :4  mix ;  relative  consistency  1 :10 ; 
test  at  28  days.  Mold  specimens  in  metal  forms 
and  finish  by  hand.    Make  5  specimens. 

Sampling  of  Aggregates 
Tests  of  aggregates  are  more  than  worthless  unless 
sampling  is  properly  done.     Particular  care  must  be 
nsed  in  sampling  under  the  following  conditions: 

1.  Coarse  aggregate  in  care, 

2.  Coarse  aggregate  in  stock  pile, 

3.  Rock  in  native  ledge, 

4.  Sand  or  gravel  in  undersloped  pit. 

The  Tentative  Jfethods  of  Sampling  Stone,  Slag, 
Gravel,  Sand  and  Stone  Block  for  Use  as  Highway 
Material,  recently  published  by  the  A.  S.  T.  M.  should 
be  followed  where  applicable. 

In  the  preparation  of  test  samples  in  the  laboratory 


the  method  of  quartering  may  be  used,  or  better  yet, 
some  form  of  sample  splitter. 

A  very  common  mistake  is  the  furnishing  of  samples 
which  are  entirely  too  small  for  tests.  Complete  tests 
require  50  lb.  of  fine  aggregate  and  100  lb.  of  coarse 
aggregate. 

Sieve  Analysis  of  Aggregates 

The  sieve  analysis  of  aggregates  is  important,  but  it 
must  be  properly  interpreted.  Good  eonerete  can  be  pro- 
duced of  aggregate  of  almost  any  size  and  grading  (if 
of  good  structural  quality),  providing  those  characteris- 
tics are  taken  into  account  in  designing  the  mix  to  be 
used.  The  division  of  aggregate  into  fine  and  coarse  is 
largely  arbitrary,  but  should  be  preserved  as  a  means 
of  securing  uniformity  in  the  grading  of  aggregate  in 
successive  batches  of  concrete. 

The  practice  of  mixing  of  fine  and  coarse  aggregates 
in  fixed  proportions  without  regard  to  size  and  grading 
should  be  discouraged.  A  number  of  researches  have 
been  published  during  the  past  two  or  three  years  which 
indicate  methods  of  dealing  with  this  problem ;  all  such 
methods  are  based  on  the  sieve  analysis  of  the  aggregate. 
Elaboration  of  these  methods  is  not  within  the  scope  of 
this  paper. 

The  following  from  the  tentative  specifications  of  the 
Joint  Committee  on  Concrete  and  Reinforced  Concrete 
seems  to  place  the  grading  of  fine  aggregate  on  a  proper 
basis: 

"Fine  aggregates  shall  range  in  size  from  fine  to 
coarse,  preferably  within  the  following  limits : 

Passing  through  No.  4  sieve — not  less  than  95^ 

No.  50  "     —not  more  than  30%" 

It  will  be  noted  that  the  grading  is  not  mandatory ;  if 
fine  aggregate  of  other  gradings  are  used  the  proportions 
of  cement,  coarse  aggregate  and  water  should  bo  such  as 
to  give  concrete  of  the  desired  strength. 

The  writer  wishes  to  urge  the  general  adoption  of  the 
sieves  named  above  for  concrete  aggregate.  They  now 
have  the  backing  of  the  Bureau  of  Standards,  he  A.  S. 
T.  M.  the  Joint  Committee  on  Concrete  and  Reinforced 
Concrete,  as  well  as  other  infiuential  organiza'tionB. 
These  sieves  are  on  a  scientifically  sound  basis  in  that 
the  width  of  the  clear  openings  of  each  sieve  is  exactly 
double  the  width  of  the  next  smaller  one,  and  the  ratio 
of  clear,  opening  to  wire  diameter  in  the  different  sieves 
follows  a  definite  law. 

In  this  connection  it  may  be  well  to  say  a  few  words 
on  the  relation  between  the  sieve  sizes  mentioned  above 
and  the  sizes  of  material  produced  by  commercial  screens 
using  perforated  plates.  A  little  consideration  will  show, 
and  the  investigations  of  the  Bureau  of  Public  Roads 
have  proven,  that  the  size  of  aggregate  produced  by  a 
commercial  screen  is  determined  by  one  or  more  of  the 
following  factors,  which  have  no  relation  whatever  to 
the  size  of  the  openings : 

1.  Thickness  of  plato.         5.    Inclination  of  screen. 

2.  Wear  on  plate.  6.    Rate  of  rotation. 

3.  Diameter  of  screen.       7.    Rate  of  feed. 

4.  Length  of  screen.  8.    Wet  or  dry  screening. 
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In  other  words,  a  sieve  analysis  under  standardized 
conditions  is  necessary  to  give  the  actual  sizes  of  material 
produced,  although  it  may  have  been  screened  at  the 
plant. 

There  is  a  marked  tendency  now  to  go  to  larger  sizes 
of  coarse  aggregate  in  concrete  roads ;  a  number  of  speci- 
fications now  admit  aggregate  up  to  3  in. ;  this  tendency 
should  be  encouraged. 

Silt  in  Sand 

111  usual  concrete  work  a  small  percentage  of  silt  in 
sand  is  not  objectionable,  so  long  as  it  does  not  contain 
organic  impurities  and  providing  an  excess  of  mixing 
water  is  not  used.  However,  in  the  wearing  surface  of 
concrete  roads,  silt  is  especially  objectionable,  since  it  is 
likely  to  be  drawn  to  the  surface  in  finishing,  hence  pro- 
ducing a  weak  and  friable  concrete  w:here  concrete  of 
the  highest  quality  is  needed.  The  quantity  of  silt 
should  not  be  greater  than  3%  by  weight.  If  sands  of 
higher  silt  content  must  be  used,  the  following  precau- 
tions should  be  taken: 

1.  Reduce  the  quantity  of  sand  to  a  minimum, 

2.  Reduce  the  quantity   of  mixing  water  to   a 
minimum, 

3.  Work  surface  as  little  as  possible  in  producing 
a  finish. 

The  quality  of  concrete  will  in  any  case  be  improved 
by  following  (1)  and  (2)  above. 

Unit  Weight  of  Aggregate 

The  unit  weight  of  aggregate  is  in  general  of  little 

value  except  as  a  means  of  arriving  at  the  quantities  of 

materials  necessary  for  concrete  of  a  given  mixture.    In 

;he  case  of  slags  and  aggregates  of  unusual  types,  the 

nit  weight  may  be  of  value  in  furnishing  some  notion 

if  the  character  of  the  material.     The  old  notion  that 

eavy  aggregates  are  better  than  light  ones  has  little 

(asis  in  face. 
Organic  Impurities  in  Sands 
Organic  impurities  in  sand  is  objectionable,  due  to  the 
act  that  such  materials  either  greatly  retard  or  entirely 
irevent  the  setting  and  hardening  of  cement.  Such  im- 
purities generally  come  from  carelessness  in  stripping 
the  overburden  from  sand  and  gravel  pits. 

The  colorimetric  test  with  sodiiam  hydroxide  which 
originated  in  this  laboratory  is  becoming  generally  ac- 
cepted as  a  satisfactoi'y  criterion  for  this  purpose. 
Mortar  Strength  of  Fine  Aggregate 
The  compression  test  is  much  to  be  preferred  over  the 
briquet  test  for  mortars.  The  comparison  with  1 :3 
standard  sand  mortar  at  7  and  28  days  gives  valuable 
information,  providing  the  test  is  firoperly  interpreted. 
If  three  sands  give  mortar  strengths  of  70%,  100%  and 
130%,  of  standard  sand,  it  does  not  follow  that  concrete 
made  from  these  sands  will  show  the  same  strength- 
ratios.  In  fact,  they  will  show  about  90,  100  and  110%. 
The  reason  for  this  lies  in  the  fact  that  in  concrete  the 
sand  is  only,  say,  one-third  the  total  aggregate,  hence  dif- 
ferences in  strength  of  concrete,  due  to  variations  in  the 
sands,  may  be  expected  to  be  only  about  one-third  those 
found  in  sand  mortars.     Sands  which  fall  below  stand- 


mi 

i 
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ard  in  mortar  tests  may  be  u.sed  with  good  results,  pro- 
viding the  mixtures  are  modified  accordiiiglj-. 
Abrasion  Test  of  Aggregates 
While  the  abrasive  resistance  of  coarse  aggregates,  as 
determined  in  the  Deval  machine,  is  generally  specified, 
it  should  be  stated  that  manj^  engineers  are  beginning 
to  question  its  value  in  selecting  materials  for  concrete 
roads.  In  general,  the  standard  test  for  macadam  rocks 
cannot  be  made  through  inability  to  secure  pieces  large 
enough ;  the  test  is  meaningless  when  applied  to  pebbles. 
These  conditions  have  led  to  the  use  of  modifications  of 
the  old  standard  test.  Three  modifications  have  been 
extensively  studied  in  this  laboratorj-. 

The  abrasion  tests  may  be  described  briefly  below.  All 
methods  use  the  Standard  Deval  machine,  run  at  30 
r.  p.  m.  The  percent  of  wear  is  in  all  cases  based  on 
material  rejected  by  the  1/16-in.  mesh  sieve  after  test 

Method.  Characteristics 

American    Society    for    Testing    Materials — 50    pieces 

weighing  5000  gm.,  run  for  10,000  revolutions. 
Mattimore — Same  as  A.  S.  T.  M.,  except  that  test  cylin- 
ders provided  with  1/16-in.  slots  which  rejects 
fine  materials  as  produced. 
Rea    (Modified) — 5000-gm.   sample    (or  equivalent  vol- 
ume, in  case  of  materials  or  unusual  weight)  2500 
gm.  ^  to  %,  2500  gm.  y^,  to  IJ^-in.  6  cast-iron 
balls,    1%    in.    diam.,    1000   revolutions.      Rea 'a 
original  method  required  the  use  of  ^,  1  and  2-in 
circular  screens. 
Abrams — 4000-gm.  sample  (or  equivalent  volume)  ;  2000 
gm.  y^io  y^;  2000  gm.  %  to  1J4  in. ;  10  cast-iron 
balls,  1%  in.  diam.,  2000  revolutions. 
The  last  method  has  the  merit  that  it  can  be  made' in 
one  hour,  whereas  the  other  tests  require  over  fiive  hours. 
This  is  our  principal  justification   for  proposing  this 
method.  The  sieve  sizes  conform  to  the  U.  S.  standard 
and  the  percentages  of  material  of  different  sizes  are  such 
they  can  be  selected  from  nearly  any  sample  of  cinished 
material  which  is  presented  for  test. 

The  relative  wear  produced  by  the  various  tests  may 
be  shown  from  the  following  values  which  were  secured 
from  parallel  tests  in  a  recent  investigation : 

Relative  Wear 


Method 

Limestone 

Trap 

Granite 

Sandstone 

Slag 

(12) 

(4) 

(2) 

(4) 

(3) 

A.  S.  T.  M.... 

. ...  100 

100 

100 

100 

100 

Rea  Modified 

.  ...   505 

400 

1160 

686 

167 

Mattimore    . .  . 

...   3i5 

223 

225 

208 

175 

Abrams   

. ...   250 

204 

555 

513 

74 

The  percent  of  wear  of  each  material  by  the  A.  S. 
T.  M.  method  was  taken  as  100.  The  numerous  incon- 
sistencies in  the  table  are  probablj-  due  as  much  as  any- 
thing to  the  variations  in  the  performance  of  the  A.  S. 
T.  M.  Method  when  applied  to  materials  of  widely  dif- 
ferent types.  It  seems  apparent  that  the  A.  S.  T.  M. 
test  should  be  abandoned  for  this  purpose. 

There  has  been  a  marked  tendency  to  lower  the  limit- 
ing percent  wear  for  crushed  rocks  to  be  used  in  concrete 
roads ;  this  is  partially  due  to  recent  changes  in  the  type 
of  traffic  and  to  a  growing  realization  that  the  wearing 
resistance  of  the  aggregate  has  only  a  remote  bearing  on 
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the  wearing  resistance  of  the  concrete.    This  subject  is 
referred  to  below  under  wear  tests  of  concrete. 
Concrete  Strength 

Testing  aggregate  by  means  of  compression  tests  of 
concrete  is  not  necessary  unless  the  aggregates  present 
•ome  unusual  characteristics;  and  in  general  is  not 
necessary  in  routine  inspection  work.  Such  tests  furnish 
the  best  information  for  research  purposes  and  should 
be  encouraged.  The  methods  recently  published  in  ten- 
tative form  by  the  A.  S.  T.  JI.  should  be  followed  in 
making  such  tests. 

Wear  Tests  of  Concrete 

Wear  tests  of  concrete  by  means  of  the  Talbot-Jones 
rattler  furnish  an  excellent  method  for  research  pur- 
poses, but  are  not  practical  as  a  routine  method  of  in- 
spection. A  ring  of  10  separately-molded  blocks  8  in. 
square  and  5  in.  thick  is  fastened  to  the  rotating  head  of 
the  machine,  where  the  finished  surfaces  are  subjected  to 
the  tumbling  action  of  a  200-lb.  charge  of  cast-iron  balls 
for  1800  revolutions,  requiring  about  1  hour.  The  re- 
sults of  several  thousand  tests  of  this  kind  will  be  found 
in  the  published  reports  of  the  S.  M.  R.  L.  A  recent 
series  of  tests  which  has  not  been  reported  in  detail 
shows  that  the  type  and  quality  of  the  aggregate  pro- 
duced less  effect  on  the  wearing  resistance  of  concrete 
than  is  usually  supposed ;  and  that  rather  wide  changes 
in  grading  of  coarse  aggregate  produced  relatively  lit- 
tle difference  in  wear  of  the  concrete. 

It  should  be  stated  that  there  is  a  well-defined  rela- 
tion between  wear  and  strength ;  the  factors  which  pro- 
duce high  strength,  produce  low  wear. 


It  is  believed  that  further  study  of  data  now  on  hand 
in  tests  carried  out  by  the  speaker  will  bring  out  valuable 
information  on  the  infliience  of  the  quality  of  the  ag- 
gregate as  revealed  by  the  various  abrasion  tests  and  the 
strength  and  wearing  resistance  of  the  resulting  cofa- 
erete. 

Need  for  Further  Research  and  Standardization 

The  foregoing  remarks  make  apparent  the  great  need 
for  further  research  and  standardization  of  methods  of 
dealing  with  concrete  aggregates. 

Field  tests  now  under  way  by  the  Bureau  of  Public 
Roads  and  by  the  State  Highway  Departments  of  Illi- 
jiois  and  Pennsylvania  may  be  expected  to  give  impor- 
tant results  on  the  relative  merits  of  different  aggre- 
gates. The  Bureau  of  Public  Roads,  a  mimber  of  state 
highway  departments,  and  other  laboratories  have  car- 
ried out  laboratory  investigations  of  aggregates  which 
have  thrown  light  on  the  properties  which  must  be  re- 
quired for  good  results. 

Concluding  Remarks 

No  attempt  has  been  made  in  this  brief  review  to  sug- 
gest a  complete  specification  for  aggregate  for  concrete 
roads ;  however,  certain  principles  which  should  govern 
the  selection  and  use  of  aggregates  are  given. 

There  is  a  marked  tendency  to  disregard  minor  fea- 
tures in  specifying  concrete  materials  and  to  base  final 
conclusions  on  the  quality  of  concrete  produced. 

High  grade  aggregates  are  only  one  of  the  many  re- 
quirements of  good  concrete ;  the  best  aggregates  do  not 
insure  good  concrete  if  the  methods  of  proportioning, 
mixing,  placing  and  curing  are  faulty. 


Use  of  Standardized  Paving  Brick 


By    W.    W.    HORNBBt 


We  who  have  been  particularly  proud  of  the  growing 
importance  of  the  industrial  engineer  have  watched  with 
much  interest  the  work  of  Mr.  Hoover's  committee,  of 
the  American  Engineering  Council,  on  the  elimination 
of  waste  in  industry.  Therefore,  to  municipal  engineers 
at  least,  the  results  of  the  recent  conference,  called  by 
the  Department  of  Commerce  to  consider  the  possibility 
of  elimination  of  waste  in  the  paving  brick  industry 
through  standardization  of  the  product,  are  most  grati- 
fying. At  this  conference  fourteen  engineering  and 
technical  societies  met  with  representatives  of  the  gov- 
ernment departments,  and  of  the  paving  brick  industry, 
and  discussed  the  elimination  of  excess  sizes  and  varie- 
ties of  brick. 

Briefly,  the  number  of  varieties  was  reduced  from 
sixty-seven  to  eleven,  all  of  which  can  be  made  from 
three  sizes  of  clay  column.  There  remain  as  accepted 
standards  three  depths  of  brick,  that  is,  3,  Syi  and  4 

•Paper  presented  at  the  Nineteenth  Annual  Convention  of 
tb«  American  Road  Builders'  Association,  Chicago,  111.,  Jan 
ie-17. 

tChlef  EhiKioeers,  Sewers  and  Paving,  St.  Liouls,  Mo. 


in.,  and  two  widths,  4  and  ciyi  in.  More  specifically, 
we  are  to  have  3-in.  brick  in  4-in.  width  in  both  plain 
wire  cut  and  with  the  moulded  lug.  Also  the  side  wire 
cut  lug  brick  in  a  3J/2  in.  width.  The  same  three  styles 
are  provided  in  the  Sy^-in.  depth,  and  there  is  included 
in  addition  the  repressed  brick  in  the  3j^x3j4  in.  dimen- 
sions. All  4-in.  brick  are  3^  in.  in  width,  and  include 
the  repressed  type,  and  the  side  wire  cut  lug  type  in 
both  the  ordinary  paving  brick,  and  in  the  hillside  brick. 
Also  the  3-in.  lugless  brick  may  be  laid  on  edge,  making 
a  4-in.  depth  of  brick  with  a  3-in.  width  plain  side  wire 
cut. 

Laying  of  3-in.  brick  flat  instead  of  on  edge  may  re- 
quire a  less  number  of  brick  per  square  yard,  but  as  the 
prices  of  brick  are  governed  by  the  weight  it  is  not  a 
question  of  the  number  of  brick;  furthermore,  a  small 
lug  on  the  brick  to  provide  spacing  naturally  reduces 
the  weight  as  compared  to  the  weight  of  a  square  yard 
of  the  lugless  type. 

With  this  great  achievement  secured  in  the  factory 
end  of  the  paving  brick  industry,  it  is  interesting  from 
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the  engineering  viewpoint  to  analyze  the  use  of  this 
brick,  that  is,  to  determine  their  treatment  to  the  best 
advantage  by  the  other  great  industry  involved,  the  one 
which  provides  brick  pavements  for  our  streets  and 
roads.  In  this  industry  there  might  occur  not  only  the 
waste  of  poor  organization  methods,  but  a  possibly  much 
greater  waste  in  poor  design  and  construction. 

Considering  fir.st  the  depth  of  brick,  the  writer  feels 
that  the  4-in.  depth  provides  all  that  is  needed  for  the 
heaviest  traffic,  and  that  the  3}i-m.  brick  may  be  used 
to  good  advantage,  that  its  use  is  technically  and  eco- 
nomically sound  for  moderate  traffic  and  is  a  factor 
where  the  cost  of  transportation  enters  materially  into 
the  cost  of  the  finished  pavement.  The  3-in.  bi-ick  can- 
not be  so  easily  disposed  of.  While  it  may  give  satis- 
factory service  for  some  time  under  modei'ate  traffic, 
the  writer  feels  that  it  has  inherent  defects  which  should 
be  seriously  considered  by  the  engineer  in  designing  the 
pavement.  The  first  of  these  lies  in  its  large  surface 
area  as  compared  with  its  depth.  (With  any  type  of 
pavement  the  bond  of  the  surface  must  be  much  more 
insecure  with  the  three  inch  than  with  the  other  vario 
ties.)  With  a  4x8"^  in.  surface  it  is  absolutely  neces- 
sary to  secure  a  pei-fect  bedding  with  the  brick,  in  order 
that  it  may  not  be  broken  under  wheel  impact.  The 
mere  bedding  of  the  brick  under  the  weight  of  a  5-ton 
roller  will  be  sufficient  to  break  many  of  the  units  before 
the  pavement  is  completed.  The  writer  has  had  ex- 
periences of  this  character  where  3-in.  brick  were  used 
on  a  cushion  of  screenings  or  of  sand  and  cement  in  the 
semi-monolithic  type  of  pavement,  the  breakage  being 
so  great  as  to  make  the  actual  construction  costly. 

On  account  of  the  thinness  of  the  brick  wearing  sur- 
face the  effect  of  temperature  stresses  in  the  cement 
grouted  pavements  is  extremely  destructive,  and  it  would 
seem  highly  advisable  to  consider  the  3-in.  brick  X)nly  with 
bituminous  fillers,  if  at  all.  The  writer  wishes  to  ques- 
tion at  this  point  whether  the  life  of  the  3-in.  pavements 
which  we  are  now  laying  will  be  sufficient  to  justify  the 
small  saving  in  first  cost  involved  in  the  use  of  this  depth 
of  brick.  This  question  may  be  given  emphasis  in  view 
of  the  results  of  the  recent  impact  tests  of  the  Bureau  of 
Public  Eoads  on  pavement  slabs. 

The  next  question  confronting  the  engineer  is  the  selec- 
tion of  the  .style  of  brick  to  be  used.  Aside  from  the 
hillside  brick,  which  are  only  valuable  for  a  special  pur- 
pose, one  has  the  choice  for  the  4-in.  surface  between  the 
old  style  repressed  brick,  with  or  without  lugs,  and  the 
side  wire  cut  lug  brick. 

In  making  a  decision  on  this  point  the  conclusion  of 
^Messrs.  Goldbeck  and  Jackson,  of  the  United  States  Bu- 
reau of  Public  Roads,  as  published  in  Public  Roads  of 
February,  1919,  are  of  particular  interest.  "Paving 
brick  with  well-formed  contact  lugs  are  to  be  preferred 
to  brick  without  lugs.  Paving  brick  with  square  edges 
are  to  be  preferred  to  brick  with  round  edges."  The 
City  of  St.  Louis,  in  investigating  the  condition  of  its 
brick  streets  in  1914,  all  of  which  had  been  repressed  lug 
brick  with  cement  grout  filler,  came  to  the  conclusion 


that  among  the  outstanding  defects  in  these  older  pave- 
ments was  the  failure  of  the  grout  to  adhere  to  the 
round  edges  of  the  repressed  brick,  and  the  spelling  off 
of  surface  laminations  under  temperature  stresses,  and 
under  the  wear  of  steel  tire  traffic.  As  a  result  of  this 
investigation,  and  in  the  desire  to  secure  a  more  satis- 
factoiy  space  for  grouting,  the  repressed  brick  were 
eliminated  from  the  St.  Louis  specifications,  and  side 
wire  cut  lug  brick  have  been  used  exclusively  since  that 
date.  This  decision  seems  to  be  well  justified  by  the 
report  of  the  accelerated  wear  tests  of  the  Bureau  of 
Public  Roads  recently  published,  in  which  it  was  noted 
that  "The  tests  would  indicate  that  in  resistance  to 
wear  the  wire  cut  lug  brick  ranks  above  the  repressed," 
and  again  "Also,  the  fillers,  both  asphalt  and  cement 
gi'out,  offer  considerably  more  protection  and  support 
to  the  edges  of  wire  cut  lug  than  to  those  of  the  re- 
pressed brick."  That  the  conclusions  here  drawn  are 
receiving  general  acceptance  is  evident  b.v  the  decreased 
production  of  repressed  lug  brick,  which  has  fallen  from 
three  hundred  twenty-three  million  in  1914  to  about 
seventy-three  million  in  1920,  as  compared  to  the  total 
production  of  the  two  years  of  four  hundred  fifty-one 
million  in  1914  and  three  hundred  and  one  million  in 
1920. 

In  the  3i/2-in.  depth  the  .same  considerations  are  in- 
volved as  between  the  repressed  and  the  side  wire  cut 
lug  brick.  In  this  depth,  however,  the  engineer  will  still 
have  the  choice  of  a  'iyi-in.  vertical  fibre  lug  brick,  and 
of  a  Syi-m.  plain  wire  cut  brick  without  lugs.  The 
vertical  fibre  lug  brick  will  possess  many  of  the  advan- 
tages of  the  side  wire  cut  lug  brick.  Its  principal  dis- 
advantages in  comparison  are  the  large  uniform  lugs 
which  cut  the  filler  space  up  into  small  chambers  more 
difficult  to  fill  and  to  waterproof  the  foundation,  and 
in  the  smooth  sides  which  cannot  be  quite  so  satisfactory 
in  regard  to  the  adherence  of  the  filler  as  is  the  rough 
side  offered  by  the  wire  cut  lug. 

The  plain  wire  cut  lugless  brick  has  been  the  subject 
of  much  controversy  in  recent  years.  This  brick  was 
originally  brought  out  by  the  Paving  Brick  Manufac- 
turers' Association  in  1919,  in  what  was  apparently  an 
attempt  at  standardization.  While  thoroughly  in  accord 
with  the  necessity  for  standardizing  on  a  few  types,  en- 
gineei's  generally  have  been  unable  to  approve  the 
choice  of  this  type  as  a  standard.  The  writer  expressed 
his  opinion  of  this  matter  that  year,  and  desires  to  re- 
peat with  emphasis  the  statement  then  made.  ' '  The  lug- 
less  brick  means  a  brick  with  very  small  and  indefinite 
spaces  for  joint  filling.  All  our  experience  has  indicated 
that  one  of  the  greatest  defects  in  brick  paving  has  been 
incomplete  joint  filling.  That  this  experience  is  quite 
general  has  been  indicated  by  the  increasing' use  of  lugs 
and  the  employment  of  other  methods  for  providing  a 
wide,  free  space  for  filler  penetration."  In  the  same 
issue  Mr.  R.  Keith  Compton,  Chairman  of  the  Baltimore 
Paving  Commission,  states  that  "Lugs  are  absolutely 
necessary  for  the  proper  flow,  no  matter  what  filler  is 
used." 
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.Xftor  a  thomuirh  invest i<rat ion  tlio  brick  coiniiiittee 
of  thi'  American  Soeiety  for  Munieipal  Iniprovenieuts, 
at  the  meeting  of  the  society  in  1921,  recommended  a 
revised  specification  whicli  provides  for  rejfular  re- 
pressed brick  with  lugs,  for  wire  cut  briclv  with  wire 
cut  lugs,  and  plain  wire  cut  brick  with  luiis  for  cement 
grout  and  bituminous  filler,  but  eliminatinfj  entirely  the 
type  which  some  manufacturers  have  been  urging  as  a 
standard.  If  Mr.  Hoover  is  correct,  that  the  consumer 
is  the  engineer,  this  decision  by  the  most  important 
conunittee  of  engineere  having  any  connection  witli  this 
matter  should  be  final. 

AW  the  considerations  applying  to  the  Sj/j-in.  brick 
apply  with  e<|ual  or  greater  value  to  the  3-in.  brick, 
with  the  possible  exception  that  the  3-in.  side  \vire  cut 
lug  brick,  being  only  Syi  in.  in  width,  presents  a  more 
normal  relation  of  surface  area  to  depth  than  does  the 
4-in.  width.  The  wiiter  has  already  expressed  his  doubt 
of  the  ultimate  value  of  the  3-in.  brick  for  paving  pur- 
poses, and  would  only  suggest  further  that,  where  used 
at  all,  all  details  of  construction  sliould  be  as  nearly 
ideal  as  possible,  including  a  proper  provision  for  joint 
spaces  to  secure  a  satisfactory  penetration  of  the  filler. 

Aside  from  the  character  of  the  brick  used,  a  satis- 
factory brick  pavement  surface  involves  also  the  proper 
design  of  the  bedding  course  and  filler.  For  the  bedding 
course  three  materials  are  in  connnon  use.  First,  the 
sand  cushion,  which  was  at  one  time  universal,  but 
Avhieh  has  been  discarded  in  a  great  number  of  instances. 
Second,  the  sand-ecment  mi.xture  jjroviding  the  semi- 
monolithic  type  of  pavement;  and,  finally,  the  so-called 
nienolithic  type  involving  the  laying  of  the  brick  on  the 
wet  concrete.  While  good  |)avements  have  been  secured 
with  a  sand  cushion  in  some  localities,  sand  in  many 
places  has  been  found  unsatisfactory.  The  sand  cushion 
should  never  be  used  excei)t  where  a  satisfactory  grade 
of  sand  is  available,  and  should  certainly  not  be  used 
with  a  cement  grout  filler.  On  the  other  extreme,  the 
so-called  monolithic  type  has  rarely  been  found  to  live 
up  to  its  name,  as  temperature  stresses  in  the  pave- 
ment Are  inclined  to  create  a  movement  of  the  wearing 
surface,  which  ultimately  breaks  the  bond.  It  is  to  be 
highly  recommended,  however,  where  con.st ruction  con- 
ditions permit  of  its  use  economically,  for  the  reason 
that  it  is  sure  to  permit  of  a  true  bedding  of  the  brick. 
The  sand  and  cement  mixture  has  been  found  quite 
satisfactorj-.  It  permits  the  facility  of  construction 
which  a  .sand  cushion  does  not,  and  with  it  a  smootlier 
surface  can  be  secured  than  is  usually  possible  with  a 
monolithic  tj^e.  While  it  requires  careful  watching 
to  see  that  the  cushion  is  not  broken  while  the  cement  is 
taking  the  initial  set,  it  is  otherwise  simple  to  handle, 
and  the  ultimate  strength  of  the  cushion  is  at  times 
surprisingly  high.  Of  the  three  types  the  writer  con- 
siders it  the  most  valuable  in  brick  paving,  regardless 
of  the  kind  of  filler  used. 

At  this  time  opinion  seems  to  be  about  equally  divided 
in  the  choice  of  filler  as  between  cement  grout,  bitumi- 
nous, or  bituminous  mastic.    Where  the  brick  is  laid  on 


a  strong  concrete  foimdatiou  supported  by  a  well- 
drained  soil,  tlie  writer  invariably  prefers  the  cement 
grout  as  giving  to  the  wearing  surface  a  slab  strength 
over  small  areas  which  is  of  value.  If  on  flexible  foun- 
dations or  on  clay  soil  subject  to  frost  and  heaving,  a 
bituminous  type  of  filler  is  probably  a  safer  choice. 
When  properly  handled  it  is  somewhat  easier  to  secure 
good  penetration  with  a  bituniino^is  filler  than  with 
cement  grout.  It  has  been  argued  that  this  ease  of 
penetration  with  biluminous  fillers  justifies  the  omission 
of  lugs,  but  an  examination  of  recent  pavements  around 
the  country,  and  reports  from  engineers  in  the  technical 
press,  do  not  bear  out  this  contention.  There  is  appar- 
ently a  great  deal  of  so-called  vertical  fiber  pavements 
laid  without  lugs,  in  which  the  filler  fails  to  penetrate 
materially,  and  is  squeegeed  over  the  surface  in  the  form 
of  an  asphaltic  or  mastic  mat.  The  defect  is  not  ap- 
parent in  the  new  pavement,  but  in  the  course  of  a 
short  time,  depending  on  the  amount  of  traffic,  this  mat 
breaks  up  or  weans  off,  and  the  brick  have  been  found  to 
be  loose  and  the  joints  largely  empty. 

The  filler  in  a  brick  pavement  has  three  functions  to 
perform.  First,  to  hold  the  brick  units  solidly  in  posi- 
tion in  order  to  create  and  maintain  a  smooth,  continuous 
pavement  layer.  Second,  to  waterproof  the  pavement 
and  prevent  the  entrance  of  moisture  into  the  cushion 
with  consequent  disintegration  and  heaving;  and 
finally,  to  protect  the  edges  of  the  brick  from  breaking 
down  under  traffic.  It  is  evident  that  to  properly  carry 
out  these  functions  the  filling  of  the  joints  must  be  com- 
plete, and  that  the  bridging  of  the  joints  and  the  crea- 
tion of  the  mat  of  wasted  material  which  is  seen  in  so 
many  vertical  fiber  pavements  is  not  good  engineering 
practice. 

The  writer  believes  that  the  lugs  heretofore  used  on 
both  wire  cut  and  repressed  brick  are  somewhat  larger 
than  necessary  for  this  purpose,  and  that  in  the  case  of 
the  bituminous  filler  a  ^-in.  lug  will  be  satisfactoi'y. 

In  view  of  the  possibilities  outlined  above  it  seems 
advisable  to  raise  the  question  whether  efforts  to  reduce 
the  cost  of  the  pavement  in  some  eases  are  not  carrying 
us  into  a  design  that  is  economically  unsound,  and 
whether  the  ultimate  waste  in  pavement  failures  on  this 
account  may  not  be  far  greater  than  the  wa.ste  we  have 
been  attempting  to  eliminate  in  the  standardization  of 
brick.  The  writer  believes  that  the  consumer,  in  this 
case  the  engineering  profession,  should  sei-iou.sly  consider 
whether  conservative  si)ecifications  svich  as  those  of  the 
American  Society  for  Municipal  Improvements  should 
not  be  more  strictly  adhered  to  even  whei-e  the  cost  in- 
volved would  be  somewhat  greater  than  the  fii«t  cost' of 
certain  of  our  pavements.  If  these  specifications  wei"e 
adopted  quite  generally  by  the  profession  there  would 
not  only  be  eliminated  this  possibility  of  waste,  but  there 
would  be  further  elimination  in  the  styles  of  brick  in 
that  the  plain  wire  cut  lugleas  brick  in  both  3  and  Byi- 
in.  depths  could  be  dropped,  and  that  possibly  it  might 
ultimately  b(;  wise  to  drop  also  the  other  styles  of  3-iii 
brick. 
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PROGRESS  IN  HIGHWAY  ENGINEERING 

Although  the  road  building  industry  during  the  past 
five  years  has  grown  to  be  the  greatest  construction  in- 
dustry in  this  country,  much  work  has  yet  to  be  done 
before  it  stands  on  equal  footing  with  the  older  engi- 
neering industries.  Upon  reflection,  such  is  to  be  ex- 
pected, for  a  glance  at  the  development  of  the  older 
dcpai-tments  of  engineering  shows  that  progress  was  ex- 
ceedingly slow,  especially  in  the  early  stages.  Little 
road  work  was  done  in  this  country  prior  to  the  pres- 
ent century  and  very  little  effort  was  made  to  place 
road  construction  upon  a  scientific  basis  until  a  com- 
paratively few  years  ago. 

With  the  hundreds  of  millions  of  dollars  now  becom- 
ing available  for  road  work  each  year,  the  stupendous- 
ness  of  the  task  of  providing  an  adequate  highway  sys- 
tem for  this  country  is  being  impressed  upon  the  minds 
of  many  road  buildera  who  realize  that,  although  high- 
way engineering  has  emerged  from  its  swaddling 
clothes,  it  has  not  yet  reached  maturity.  The  papers 
presented  at  the  recent  convention  of  the  American  Road 
Builders'  Association  clearly  show  this  to  be  the  case — - 
that  the  principles  of  pavement  design  ai-e  not  fully 
established  and  that  the  specifications  for  paving  ma- 
terials arc  not  entirely  satisfactory.  In  other  words, 
highway  engineers  do  not  know  with  any  degree  of 
certainty  the  best  design  to  use  for  a  paved  highway, 
neither  do  they  know  exactly  what  materials  are  the 
most  serviceable.     But  let  it  be  understood  that  high- 


way engineering  is  making  progress  and  that  each  year 
adds  to  the  sum  of  scientific  knowledge  in  this  field. 

Many  of  the  papers  presented  at  the  Chicago  conven- 
tion dealt  with  the  attempts  being  made  to  place  road 
building  on  a  more  scientific  basis.  One  of  the  most  im- 
I)ortant  i)apers  dealing  with  the  professional  side  of  road 
work  was  that  of  A.  T.  Goldbeck,  Testing  Slngineer  of 
the  U.  S.  Bureau  of  Public  Roads,  who  reviewed  the 
more  recent  researches  conducted  bj'  this  bureau.  Con- 
siderable space  in  this  journal  has  recently  been  de- 
voted to  reviewing  the  work  of  the  U.  S.  Bureau  of 
Public  Roads  and  it  is  unnecessary  to  point  out  that 
these  researches  are  playing  a  very  important  part  in 
aiding  highway  engineers  to  arrive  at  rational  ideas  of 
pavement  design. 

A  more  concrete  example  of  direct  value  of  highway 
research  was  pointed  out  by  Clifford  Older,  Chief  High- 
way Engineer  of  Illinois,  who  stated  that  as  a  rcsvdt  of 
researches  conducted  by  Illinois,  approximately  $1,500 
per  mile  is  now  being  saved  on  road  constriiction  in  that 
state. 

\V.  W.  Horner,  Chief  Engineer  of  Sewers  and  Streets, 
St.  Louis,  Mo.,  reviewed  the  work  of  the  National  Pav- 
ing Brick  Manufacturere'  Association  in  reducing  the 
number  of  varieties  of  paving  brick  from  66  to  11.  This 
paper,  which  is  printed  clsewhci-e  in  this  issue,  sliows 
that  highway  engineers  have  the  cooperation  of  material 
manufacturers  in  the  work  of  placing  road  building  on 
a  .scientific  basis. 

Anotlier  instance  of  this  critical  examination  of  pres- 
ent road  building  methods  and  materials  is  seen  in  the 
paper  of  Dufl'  A.  Abrams,  Professor  in  charge  of  the 
Structural  Materials  Laboratory.  LcAis  Jn.stitute.  Chi- 
cago, 111.,  who  urged  "further  research  and  standardi- 
zation of  methods  of  dealing  with  concrete  aggregates'", 
pointing  out  at  the  same  time  that  many  tests  now  being 
applied  to  concrete  aggregates  are  of  little  value. 

Another  papei-  presented  at  the  American  Road  Rudd- 
ers' Association  convention  which  further  illustrates  the  . 
trend  of  thought  in  road  building  circles,  was  a  pai)er  by 
L.  M.  Law,  Chief  Chemist,  New  Orleans  Refining  Co., 
reviewing  the  development  of  asphalt  specifications  and 
pleading  for  simpler  and  more  scientific  present-day 
specifications. 

Thus  it  is  seen  that  leaders  in  the  highway  field  are 
busily  engaged  in  attempting  to  solve  the  problems  of 
road  design  and  materials.  Much  lias  been  accom- 
plished, yet,  to  use  the  trite  but  terse  expression,  the 
surface  has  barel.y  been  .scratched.  However,  the  future 
is  full  of  promise,  and  as  H.  E.  Breed  said  in  his  paper 
at  the  Chicago  convention,  "we  are  going  to  be  able 
to  build  roads  within  necessary  financial  limits  that 
under  the  traffic  pei-mitted  by  law  will  be  practically 
indestructible." 


A  Tax  on  Gasoline  in  Louisiana  of  1  ct.  per  gallon 
went  into  effect  tlie  first  of  tliis  year.  It  is  expected  that 
this  tax  will  yield  about  one  million  dollars  annually  for 
highwav  work. 
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Highway   Cost   Reduction 

Text  of  a  Report  Submitted  by  the  Highway  Division  of  the  Association  General 
Contractors  to  the  Executive  Board  of  the  American  Association 

of  State    Highway    Officials 


T<»  build  a  system  of  hard  surface  roads  that  will 
earr^v  the  country's  expanding  rural  and  interurban 
traflPic  may  entail  a  prohibitive  financial  burden  to 
the  states  unless  present  construction  costs  are  re- 
duced. The  investment  in  improved  highways  at  the 
present  is  held  by  many  persons  to  be  economically 
unsound,  and  doubt  has  been  expressed  as  lo  whether 
the  taxpayei-s  would  continue  to  vote  for  bond  issues 
unless  a  greater  nuleage  were  obtained  by  their  appro- 
priations. To  bring  about  lower  construction  costs 
is  ob\'iously  a  matter  of  vital  concern  to  state  highway 
departments  and  it  is  also  an  important  matter  to 
construction  companies,  who  will  profit  by  an  in- 
creased volume  of  work. 

New  Economic  Situation 

It  is  generally  sensed  tliat  we  are  about  to  emerge 
from  the  mucli  discussed  period  of  deflation  and  read- 
justment, and,  at  this  time,  the  outlook  indicates  that 
many  unit  costs  which  -were  once  well  established 
have  been  so  disarranged  that  they  cannot  return  to 
their  former  level  through  deflation  alone.  A  number 
of  reasons  for  this  situation  are  readily  discerned: 
Labor  scales  in  the  basic  industries  producing  gravel, 
cement,  asphalt  and  other  materials  may,  Mith  labor 
strongly  organized,  remain  high  for  some  time  to 
come.  Certain  material  sources  have  been  depleted  and 
production  at  other  sources  is  more  expensive.  More- 
over, the  action  pf  governmental  agencies  in  passing 
laws  and  increasing  transportation  ratts  has  added 
expense  to  construction  which  is  entirely  independent 
of  deflation.  These  things  have  brought  about  a  new 
economic  situation  and  therefore  a  diffei-ent  set  of 
unit  construction  costs. 

Present  costs  may  undergo  some  additional  defla- 
tion, and  the  gradual  trend  of  labor  and  materials 
throughout  the  coming  period  may  effect  a  decrease; 
bat,  to  bring  about  the  substantial  reduction  needed 
in  the  near  future,  it  will  be  necessary  to  improve 
constmction  methods  and  to  cut  down  the  so-called 
indirect  or  overhead  expense. 

•From  the  "Bulletin"  of  the  Associated  General  Contractors 
of  America. 

"This  report  was  issued  by  a  committee  composed  ot 
SUnley  D.  Moore,  Moore  &  Young,  Waterloo,  la..  Chairman 
Hishway  Division.  A.  G.  C.  C.  V.  Burghart,  Bates  &.  Rogers! 
Chicago,  111.,  and  Percy  Cranford,  Cranford  Paving  Co.,  Wash- 
ington, D.  C,  and  submitted  to  the  Executive  Board  of  the 
American  Association  of  Sute  Highway  Officials.  It  was 
drawn  up  to  pohit  out  those  things  exclusive  of  direct  con- 
struction costs,  which  increase  the  cost  of  hard  surface  roads. 
If  certain  of  these  factors  can  be  changed  or  eliminated,  con- 
tructlon  companies  will  unodubtedly  be  abl  eto  submit  lower 
bids."— Editor,  "BulleOn." 


Numei'ous  items  of  expense  have  crept  into  highway 
work  by  creating  unnecessary  obligations  and  requir- 
ing over-rigid  guai-antees.  Tliey  have  increased  both 
the  direct  cost  of  production  and  the  contiageiit  costs. 
and  it  is  in  tliese  two  fields  that  state  highway  de- 
partments and  contractors  can  most  advantageously 
cooperate.  Tlie  department  can  assume  certain  obli- 
gations more  economically  tlian  the  contractors  and 
can  remove  certain  contractual  provisions  winch  add 
unnecessary  expense  to  a  contract.  The  contractor 
can  then  eliminate  these  uncertain  items  from  his  es- 
timate and  can  improve  tiie  efficiency  of  his  methods. 

I'ossible  Cost  Reductions 

Items  of  road  buikUng  cost  which  may  be  reduced  by 
joint  action  of  state  departments  and  eonstritction  com- 
panies depends  upon  certain  contracting  practices.  These 
practices  fall  naturally  under  the  following  heads: 

1.  Receiving  bids  and  awarding  contracts. 

2.  Administering  contracts. 

3.  Principles  of  contracts  and  specifications. 

4.  Matters  of  legislation. 

The  various  ex])enscs  arising  under  these  four  divisions 
are  discussed  from  the  viewpoint  of  contractors  who 
have  been  building  roads  extensively  during  the  past 
two  years. 

I.  Receiving-  Bids  and  Awarding-  Contracts 
Before  highway  construction  developed  into  its  present 
gigantic  proportions,  contracts  were  but  a  matter  of 
labor,  materials  and  a  small  amount  of  overhead.  Ma- 
terials were  Uisually  .supplied  locally  and  transportation 
did  not  constitute  a  problem  of  any  moment.  Now,  how- 
ever, the  situation  is  different.  Road  builders  must  com- 
pete with  other  industries  in  obtaining  materials,  labor 
and  transportation,  and  to  produce  economically  they 
must  conduct  their  operations  with  an  eye  to  the  activities 
of  those  industries.  This  means  that  they  must  plan 
far  ahead,  and  obtain  sufficient  work  to  introduce  the 
economies  of  quantity  production. 

The  crux  of  economical  road  building  is  a  full  season's 
work  with  as  little  moving  as  possible,  but  this  condition 
cannot  exist  if  highway  contracts  are  split  into  small  or 
isolated  sections.  It  is  necessary  that  each  outfit  be 
placed,  wherever  possible,  on  a  section  large  enough  to 
furnish  a  sea.son's  work.  Otherwise  several  items  of 
needless  expense  arise.     These  expenses  are  as  follows: 

(a)  Loss  of  straight  time  salaries  and  production 
time  consumed  in  moving  from  one  project  to  another 
and  in  organizing  each  new  project. 

(b)  Extra  freight  charges  and  loss  of  production  time 
through  delay  of  the  carriers. 
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(c)  Extra  cost  of  setting  up  and  dismantling  the 
plant  between  projects. 

When  work  is  awarded  in  short  sections  on  which  a 
well  equipped  plant  cannot  be  used  advantageously,  eon- 
tractors  cannot  invest  in  modern,  efficient  plants.  Unless 
they  do  purchase  and  operate  such  equipment  there  is 
scarcely  a  possibility  of  securing  the  economy  of  quantity 
output. 

Full  Season's  Work  on  One  Job 

By  awarding  contracts  in  lengths  great  enough  to 
provide  a  full  season's  work  for  a  modern  plant,  a 
better  utilization  of  the  construction  season  is  possible, 
and  the  items  enumerated  may  be  held  to  reasonable  pro- 
portions. Even  further  economies  of  this  nature  are 
possible  when  contracts  are  awarded  well  in  advance  of 
the  actual  construction  season.  In  fact,  the  time  of 
awarding  is  now  regarded  as  one  of  the  most  important 
factors  in  reducing  highway  costs. 

It  is  almost  universally  recognized  that  contracts 
should  be  awarded  in  the  fall  or  early  winter,  thus 
enabling  construction  companies  to  do  much  of  theii" 
preliminary  work  in  the  off  season  and  to  utilize  concrete- 
pouring  weather  for  increasing  their  pavement  output. 

Fall  Letting  Promises  Economies 

Fall  letting  is  a  practice  in  which  many  engineers 
and  contractoi's  see  promise  of  great  economy,  and  a 
general  increase  in  the  efficiency  of  road  building  is 
expected  through  its  adoption.  This  increase  of  efficiency 
and  a  corresponding  decrease  in  cost  are  made  passible 
by  the  following: 

II  (a)  A  nucleus  of  well  trained  men  retained  over 
winter  to  serve  as  a  skeleton  for  the  new  organization. 
1  (b)  Elmination  of  dead  time  for  permanent  field 
organization  by  employing  them  on  preliminary  winter 
work. 
(c)  Elimination  of  one  shipment  of  the  plant,  which 
is  moved  direct  from  the  old  work  to  the  new  without 
going  into  the  contractor's  storage  yard. 

(d)  Adequate  time  for  investigating  and  planning. 

(e)  Better  transportation  service  during  early  months 
of  the  season,  without  possibly  preferential  freight  rates 
at  that  time. 

(f)  Lower  costs  in  the  basic  industries  on  account 
of  a  longer  production  season. 

The  total  influence  of  fall  letting  affects  so  many 
factors  in  highway  work  that  it  is  difficult  to  foretell 
what  reduction  of  cost  it  would  bring  about,  but  con- 
tractors have  estimated  that  the  total  cost  of  highway 
pro.iects  could  thereby  be  reduced  5  or  10%.  The  im- 
portance of  fall  letting  in  relation  to  eliminating  the 
waste  from  industry  has  made  it  the  subject  of  cor- 
respondence between  the  Secretary  of  Commerce,  Mr. 
Hoover,  and  the  governors  of  all  states. 

n.    AdmLnistering  Contracts 

The  field  experience  of  contiactors  has  shown  that  most 
dissensions  which  arise  between  representatives  of  the 
highway  departments  and  representatives  of  the  contract- 
ing companies  are  due  to  an  honest  misunderstanding. 


Unless  the  cause  of  these  misunderstandings  is  removed 
by  exchange  of  views  and  discussion,  they  sometimes  de- 
velop into  cankerous  enmity  which  interferes  with  proper 
execution  of  the  work.  Some  means  of  providing  such 
exchange  is  needed. 

To  encourage  a  mutual  understanding  of  each"  other's 
problems  in  Iowa,  a  school  for  engineers,  inspectors, 
superintendents  and  foremen  was  established  prior  to 
the  beginning  of  new  work.  It  served  to  acquaint  each 
party  with  the  difficulties  encountered  by  the  other  and 
thus  laid  the  groundwork  for  more  satisfactory  relations 
between  the  department  and  its  contractors.  In  the 
Iowa  school  the  engineens  and  contractors  evolve  plans 
for  executing  the  work,  or  if  such  plans  have  already 
been  determined  they  see  that  all  parties  understand  the 
plan  and  encoiirage  suggestions  for  improvement.  They 
also  explain  many  of  the  questions  which  may  be  ex- 
pected to  arise  from  the  details  of  any  project  and  confer 
on  other  matters  of  mutual  interest  or  benefit.  This 
school,  it  was  found,  practically  removed  the  element  of 
personal  friction  and  misunderstanding  and  undoubtedly 
resulted  in  economy.  Similar  schools  will  probably  result 
in  more  satisfactory  contract  performance  if  adopted  in 
other  states. 

Local  Conferences 

Another  step  towards  removing  many  difficulties  which 
arise  in  the  field,  and  one  which  has  already  proved 
valuable,  is  the  establishment  of  local  conferences  be- 
tween engineers  and  contractors.  These  conferences 
would  investigate  local  conditions  which  affect  the  work, 
determine  economical  methods  for  doing  unusual  work, 
or  arrange  to  take  advantage  of  unusual  conditions  in 
the  locality  with  the  object  of  economizing  on  the  work. 
Such  conferences  conduct  discussions  that  lead  to  better 
economies  in  road  building  and  consequently  to  lower 
construction  costs. 

III.  Principles  of  Contracts  and  Specifications 
Contracts  and  specifications  have  frequently  been  re- 
garded as  delicate  grounds  in  discussions  between  engi- 
neers and  contractors,  but  it  is  nevertheless  well  under- 
stood that  requirements  commonly  included  in  these 
documents  cause  unnecessary  expense  to  the  state.  The 
state  obviously  guarantees,  but  as  the  scope  of  these  is 
increased  it  adds  an  element  of  uncertainty  to  the  cost 
against  which  no  construction  company  dare  fail  to  pro- 
vide insurance.  This  insurance,  whether  placed  with  an 
insurance  company  or  carried  as  a  contingent  expense, 
increases  the  cost  of  roads.  Insurance  of  this  nature  can 
often  be  carried  more  economically  by  the  state,  and  if 
so  carried  would  make  possible  a  reduction  in  the  cost 
of  surety  bonds. 

Limit  Risks  to  Contractors 

If  the  risks  against  which  construction  companies  are 
required  to  furnish  protection  were  limited  to  those 
things  over  which  the  companies  can  exercise  some  meaa- 
ure  of  control,  and  if  they  were  not  required  to  assume 
responsibility  for  damage  from  practically  every  cause, 
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they  could  eliiniuate  a  number  of  contingent  expenses. 
Some  of  the  contingencies  occur  so  rarely  that  the  cost 
of  insuring  against  them  can  be  more  ecbnoniically  as- 
sumed directly  by  the  state.  The  infrequent  occurrence 
of  a  contingency,  however,  will  not  justify  a  construction 
company  in  failing  to  provide  insurance.  One  occurrence 
of  some  of  these  contingencies  is  sufficient  to  bankrupt  a 
construction  company  and  the  company  must,  therefore 
protect  itself  financially.  This  the  bonding  company  also 
does  in  establishing  its  rate.  By  eliminating  from  speci- 
fications those  hazards  and  responsibilities  which  can  be 
more  economically  assumed  directly  by  the  state,  a  lower 
rate  on  surety  bonds  can  doubtless  be  obtained. 
Irresponsible  Bidders  Raise  Costs 

Bonding  companies  say  that  the  rate  could  be  further 
reduced  if  the  state  would  exercise  a  more  comprehensive 
interpretation  of  the  term  "responsible  bidder".  The 
ability  to  funiish  bond  is  inadequate  proof  of  responsi- 
bility, because  irresponsible  bidders  do  obtain  both  state 
highway  contracts  and  bonds,  and  their  failures  raise  the 
bond  rate.  If  the  state  were  careful  to  secure  bidders 
who  are  actually  responsible  the  i-ate  could  not  only  be 
reduced  but  a  reduction  of  bond  could  be  made  as  sections 
of  the  work  were  completed  and  accepted.  The  savings 
thtis  made  would  reflect  directly  in  the  construction  esti- 
mate. They  would  also  reduce  the  total  amount  of  money 
required  to  finance  the  work  and  hence  the  interest 
charges. 

Reduction  of  Interest  Charges 

Interest  charges  can  also  be  reduced  by  the  following 
procedure : 

(a)  Limit  the  percentage  obtained  by  the  state  to  an 
amount  which  experience  has  shown  to  be  necessary. 

(b)  Limit  the  money  retained  so  that  amount  lield 
when  the  work  is  50  or  GOfo  complete. 

(c)  Provide  for  a  specific  date  and  method  of  pay- 
ment upon  which  the  construction  company  may  depend 
— ^thus  eliminating  the  expense  of  emergency  financing. 

(d)  Return  certified  checks  and  make  awards  prompt- 
ly 80  that  bidders  receiving  no  award  may  look  immedi- 
ately for  other  work. 

Interest  charges  in  themselves  are  not  a  large  per  cent. 
of  the  cost  of  building  roads  but  the  procedure  here 
sa^ested  to  reduce  thcni  will  indirectly  reduce  other 
expenses.  When  all  of  these  items  are  combined  the 
saving  is  significant.  Any  action  which  limits  the  un- 
certain costs  and  enables  accurate  estimating  results  in 
lower  bids. 

Classification  of  Excavation 
Among  the  uncertain  factors  which  prevent  accurate 
eutimating  is  the  matter  of  classifying  excavation.  A  lack 
of  accurate  classification  in  excavation  always  introduces 
an  uncertainty  which  will  not  allow  an  estimator  to  get 
down  to  the  bottom  price.  He  cannot  risk  striking  hard 
material  with  an  earth  price  and  if,  for  example,  hard 
pan  or  a  stiff  gumbo  is  anticipated  and  but  a  single  or 
two-grade  classification  is  provided,  the  price  must  ob- 
▼ionsly  cover  the  cost  of  such  material.    If,  however,  a 


classification  is  provided  which  segregates  the  various 
grades  of  material,  a  construction  company  can  safely 
bid  its  lowest  price  on  each. 

Similar  to  the  lack  of  classification  is  the  practice  of 
lumping  different  kinds  of  work  under  a  single  unit 
price.  In  all  such  cases  an  uncertain  cost  is  introduced 
which  does  not  permit  the  lowest  unit  prices.  The 
remedy  is  obviously  to  separate  into  units  those  items 
which  vary  in  cost  and  can  be  determined  separately. 
Overhaul  Introduces  Uncertainty 

Still  another  uncertainty  is  caused  by  payment  for 
overhaul.  If  a  construction  company  is  obliged  to  work 
under  a  pi-edefermined  overhaul  price,  it  knows  that 
under  many  conditions  the  price  will  not  cover  the  ex- 
pense, and  this  contingency  must  also  be  provided  for, 
if  the  work  is  to  be  performed  at  a  profit. 

Likewise,  the  contract  provision  governing  changes  in 
the  work  iisually  creates  a  dangerous  contingency.  This 
provision  allows  one  department  to  increase  or  decrease 
the  work  without  making  any  adjustment  in  price  for 
the  resulting  change  in  cost.  Every  quantity  eliminated 
carries  with  it  a  certain  portion  of  overhead  which  stands 
as  a  loss  and,  unless  the  construction  company  is  assured 
the  work  will  go  practically  as  planned,  it  cannot  esti- 
mate with  any  degree  of  accuracy.  The  consequence  is 
another  item  of  insurance. 

Misplaced  Cost  Expensive  for  State 

A  common  practice  in  estimating,  and  one  which  finds 
favor  with  state  highway  departments,  is  to  place  all 
items  of  cost,  or  a  proportionate  part  of  them,  where 
they  properly  belong.  This  cannot  always  be  done  if  the 
so-designated  ' '  percentage  of  profit  on  force  account ' '  is 
based  only  on  direct  labor  and  materials.  The  u.sual  i)ei- 
centage  allowed  is  the  same  as  that  adopted  years  ago, 
yet  any  engineer  knows  that  the  proportion  of  direct 
labor  has  decreased  while  the  indirect  expense,  such  as 
equipment,  has  increased.  The  usual  percentage  does  not 
always  cover  the  cost.  This  the  construction  estimator 
knows  and  must  take  care  of  it  in  some  other  place.  Such 
misplaced  cost  may  in  the  end  be  more  expensive  for  the 
state.  A  better  plan  is  to  account  the  work  so  that  such 
expense  can  be  definitely  determined  and  settled.  For 
this  the  contract  can  readily  provide. 

One  other  saving  which  the  contract  may  bring  about 
is  that  of  inspecting  materials  at  their  source.  Rejecting 
faulty  aggregates  after  they  have  been  unloaded  pre- 
cludes the  construction  company  from  recovering  their 
cost.  Inspection  at  the  source  would  eliminate  the  waste 
of  materials  rejected  on  the  work.  This  item  of  expense, 
like  various  others  here  cited,  under  "Contracts  and 
Specifications,"  is  of  the  indeterminate  type  and  it  is 
not  possible  to  say  definitely  what  economy  it  will  bring 
about,  but  every  construction  company  knows  that,  if 
these  suggested  change  were  instituted,  it  could  and 
would  submit  lower  bids. 

IV.    Legislation 

Highway  engineers  and  contractors  have  frequently 
agreed  upon  procedure  which  ought  to  be  followed  in 
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building  roads  and  which  would  bring  about  lower  costs, 
yet  the  department  is  prevented  from  acting  on  account 
of  existing  laws.  Legislation  frequently  interferes  with 
proper  functioning  of  the  state  highway  department  in 
mattens  of  which  the  department  is  best  able  to  judge. 
It  is  to  the  interest  of  both  department  and  construction 
companies  to  secure  a  repeal  of  such  legislation  and  to 
work  for  the  enactment  of  constructive  laws  which  will 
develop  proper  state  highway  systems. 

Several  specific  changes  in  contracting  practices,  which 
contribute  to  more  economical  work,  can  be  brought  about 
by  revising  certain  highway  legislation.  The  changes 
are : 

(a)  An  improvement  in  the  form  and  character  of 
road  securities,  which  would  facilitate  their  sale,  reduce 
the  market  discount,  and  prove  a  saving  to  the  state. 

(h)  A  repeal  of  laws  which  prohibit  payment  for 
materials  delivered.  This  would  reduce  financing  charges 
and  permit  adequate  storage  of  material. 

(c)  Delegation  of  police  power  to  the  state  highway 
department's  representatives.  This  would  enable  them 
to  regiilate  freely  all  traffic  over  roads  under  construc- 
tion and  would  enable  better  planning  of  plant  layouts 
and  avoid  much  interruption  of  work. 
Proposed  Action 

Discussion  of  the  four  classifications  of  cost  reductions 
which  are  possible  in  highway  work  is  based  upon  the 
experience  of  road  builders  during  the  last  two  years. 

The  discussion  of  cost  reduction  as  developed  in  this 
analysis  is  based  upon  the  experience  of  construction 
companies  which  have  been  the  pioneers  in  high  type 
road  constiiiction.     It  therefore  naturally  portrays  the 

I  situation  from  the  contractors'  point  of  view  and  may 
not  recognize  the  necessity  of  certain  practices  as  they 
texist.  For  this  reason  a  similar  analj^sis  should  be  made 
from  the  viewpoint  of  state  highway  departments.  Two 
such  studie.s  would  then  show  the  actual  possibilities  of 
cost  reduction  and  would  produce  a  satisfactory  basis  for 
action.  Once  having  agreed  upon  the  proper  cause,  engi- 
neers and  contractors  could  undoubtedly  bring  about 
lower  highway  costs. 
MARICOPA  COUNTY,  ARIZONA, 
HAS  IMMENSE  ROAD  PROGRAM 
With  only  three  miles  of  paving  yet  to  be  laid,  the 
first  half  of  the  Maricopa  County,  Arizona,  highway 
program  is  practically  complete.  This  part  of  the 
county's  paved  highway  system  is  covered  by  the  initial 
issue  of  $4,000,000.  The  highway  commission  is  now 
about  to  undertake  the  second  part  of  the  program  under 
the  additional  bond  is.sue  of  $4,500,000. 

A  total  of  127.5  mi.  of  Portland  cement  concrete 
paving  will  be  laid  by  Januai-y  15,  1922,  in  completion 
of  the  first  half  of  the  program.  This  consists  of: 
68.2  mi.  16  ft.  wide  5  in.  at  center  and  8  in.  at  edges ; 
12.4  mi.  18  ft.  wide  5  in.  at  center  and  9  in.  at  edges; 
46.9  mi.  16  ft.  wide  6  in.  at  center  and  9  in.  at  edges. 
The  Maricopa  County  road  program,  as  carried  out 


under  the  supervision  of  the  Maricopa  County  Highway 
Commission,  represents  the  most  ambitious  county 
paving  undertaking  in  the  United  States  and  has  at- 
tracted no   end  of  interest  among  highway  engineers 

An  outline  of  the  history  of  permanent  highway  con- 
struction by  Maricopa  county  is  as.  follows : 

Jan.  20,  1919 — Board  of  Supervisors  appoints  County 
Highway  Commission. 

May  17,  1919— First  issue  of  $4,000,000  bonds  voted 
for  the  construction  of  283  mi.  of  paving. 

July  9,  1919- — Bonds  sold  to  Graves,  Blanchett  & 
Thornburgh  and  associates  ^or  $4,032,500. 

April  22,  1920 — Contract  awarded  to  Twohy  Broth- 
ers. 

Nov.  1,  1920- — Actual  construction  started. 

Dec.  31,  1920— Second  issue  of  $4,500,000  bonds  voted. 
This  election  was  called  when  it  was  ascertained  that 
owing  to  high  price  of  cement  and  freight,  the  original 
program  could  not  be  completed  under  the  original 
estimate.  Twenty-nine  miles  were  added  to  the  orig- 
inal program,  giving  a  total  of  312  mi. 

Dec.  8,  1921 — Bids  opened  for  sale  of  second  bond 
issue. 

Dec.  9,  1921 — County  supervisoiis  accept  bid  of  Bank- 
ers Trust  Company  of  Denver,  and  associates,  carrying 
a  premium  of  $300,150  on  the  masis  of  6  per  cent  bonds. 

Dec.  15,  1921 — Miles  of  paving  completed,  124.4. 

Jan.  15,  1922 — On  this  date  was  announced  that  the 
county  had  completed  a  total  of  127.5  miles,  and 
in  addition  to  this  three  miles  of  bitulihie  paving  on  the 
Phoenix-Tempe  highway,  and  7.5  miles  of  cement  con- 
crete paving  on  the  Phoenix-Glendale  road.  These  pro- 
jects were  included  in  the  second  half  of  the  county's 
program  and  are  being  consti-ucted  by  the  State  with 
Federal  Aid. 

All  county  work  has  been  under  the  engineering  direc- 
tion of  R.  C.  Perkins,  County  Highway  Engineer.  Mr. 
Perkins  adopted  a  special  design  in  paving  which  has 
created  no  small  interest.  This  calls  for  a  curved  sub- 
grade  and  a  heavier  thickness  of  concrete  at  the  edges 
than  at  the  center,  a  beveled  depression  in  the  subgrade 
causing  an  additional  three  inches  of  thickness  at  the 
extreme  edge. 

About  $600,000  worth  of  up-to-date  highway  ma- 
chinery and  equipment  have  been  utilized  by  Twohy 
Brothers  in  the  prosecvition  of  this  work.  Most  of  the 
roads  have  been  built  from  materials  taken  from  the 
bed  of  the  Salt  river  at  Tempe  and  handled  by  the  con- 
tractors' central  washing,  ci'ushing  and  screening  plant, 
and  from  this  shipped  by  rail  to  the  several  set-ups  or 
distributing  stations,  from  which  the  materials  have  been 
carried  to  the  paving  mixers  by  industrial  trains  pro- 
pelled by  gasolinp  locomotives  and  utilizing  a  maximum 
of  15  mi.  of  trackage. 


The  Asphalt  Association  has  discontinued  its  Cana- 
dian office  at  Toronto,  Can.  It  is  expected  that  a  dis- 
trict office  will  be  o'pened  at  Albany.  N.  Y.,  from  which 
tlie  Canadian  territory  will  be  covered. 
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The  Highway  Outlook* 

Hy   THOMAS   H.   MacDONALDt 


January  of  all  the  mouths  is  dedicated  to  the  inventory, 
the  analysis  of  profit  and  k>s8,  the  casting;  up  of  accounts. 
It  is  not  80  much  a  custom  as  a  necessity.  Private  busi- 
ness could  not  siicewd  long  without  s'.iiking  a  balance 
sheet  to  govern  the  conduct  of  the  operations.  That  the 
varied  activities  and  their  attendant  expenditures  of  a 
}>eople  governing  theniselves  must  be  able  to  stand  up 
under  keen  scrutiny  and  eaph  one  justify  itself  or  be 
eliminated  or  be  materially  reduced,  is  strikingly  shown 
by  the  strength  of  the  support  from  the  public  for  the 
budget  plan  adopted  to  control  the  financial  affairs  of  the 
Federal  Government.  A  balance  sheet  has  been  set  up 
which  adju8t.s  the  out-go  to  the  income.  Further,  the 
proportions  of  the  income  to  be  devoted  to  the  several 
purposes  have  been  and  are  being  carefully  weighed  in  a 
comparative  sense  to  adjust  them  as  fairly  as  may  be  pos- 
sible to  each  other. 

There  is  the  universal  demand  for  economy  which  must 
be  met.  There  is  the  insistent  demand  for  the  lowering 
of  taxes  which  must  be  heeded.  These  same  facts  apply 
to  local,  state  and  Federal  expenditures  and  taxes.  On 
the  other  hand,  there  is  the  unemployment  situation,  the 
competitive  period  ahead,  and  the  demand  and  necessity 
for  internal  improvements. 

The  situation  demands  wisdom,  foresight  and  leader- 
ship of  the  highest  character.  Wise  expenditure  is  more 
necessary  than  uneconomical  saving.  Thus  the  highway 
outlook  is  not  determined  by  any  narrow  or  limited  con- 
sideration but  by  all  the  broad  social  and  economic  rela- 
tionships with  which  the  highways  have  intimate  contact. 

We  need  to  establish  a  highway  balance  sheet,  national 
in  extent,  on  which  we  set  up,  on  one  side : 

1.  The  funds  available. 

2.  The  economic  situation. 

•3.  Prices  and  costs  for  highway  improvements. 
On  the  other  side, 

1.  The  deferred  highway  improvements. 

2.  The  returns  from  highway  investments. 

3.  The  need  of  universal  easy  and  cheap  transportation 
facilities. 


remr 
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1914  . 
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•ThiB  Is  the  estimated  sum  which  has  been  made  avail 

able  but  subject  to  conditions  and  limitations  that  will  ma- 
terially reduce  the  total  which  is  actually  expended. 

On  the  basis  of  the  estimated  total  highway  expendi- 
tures for  the  year  1921,  the  sources  of  this  fund  are  ap- 
proximately as  follows: 


Total  expenditures, 
Approximate 

.  ?  59,527,000 
240,263,000 
279,915,000 
286,101,000 
389,455,000 
500,000,000 
600,000,000 
720,000,000 


•  Abstract  of  paper  presented  at  Nineteenth  Annual  Con- 
vention  of  the  American  Road  Builders'  Association 
t  Chief,  U.  8.  Bureau  of  Public  Roads 


Motor  vehicle  revenues   19% 

State  road  bonds   7 

Local   road   bonds    33 

State  taxes  and   appropriations 12 

Federal  aid    14 

County,  township,  dist.  taxes  and  ass'mt.  14 

100 
Secret  a  ly  ol  Agriculture,  H.  C.  Wallace,  says:  "It 
would  be  unfair  to  say  that  the  unprecedented  depression 
in  which  we  find  agriculture  to-day  is  due  wholly  to 
the  very  large  increases  in  freight  rates  which  have  been 
imposed  during  the  past  three  yeai-s,  but  it  is  fair  to  say 
that  those  increased  freight  charges  are  a  large  factor  in 
retarding  agricultural  recovery.  If  prices  now  received 
by  farmers  for  their  crops  were  such  as  pevailed  in  1919 
and  the  ealier  part  of  1920  they  could  pay  the  increased 
freight  rates  without  serious  inconvenience.  But  farmers 
are  not  receiving  such  prices. 

"In  Iowa,  for  example,  the  farmers  are  receiving  for 
their  corn  a  price  equal  to  but  65  per  cent  of  the  pre-war 
normal,  for  their  oats  but  61  per  cent  of  the  pre-war 
normal,  and  for  their  cattle  and  hogs  somewhat  less  than 
the  pre-war  normal.  They  are  paying  their  hands  132 
per  cent  of  the  pre-war  normal,  are  paying  rent  on  land 
values  160  per  cent  of  the  pre-war  normal,  and  even  since 
the  late  reductions  are  paying  freight  rates  150  per  cent 
of  the  pre-war  normal.  Practically  everything  the  farmer 
buys  is  well  above  the  pre-war  normal  at  the  point  of  pro- 
duction, and  to  those  higher  prices  must  also  be  added 
the  higher  freight  rates  to  farms.  It  is  this  condition 
which  makes  the  present  state  of  agriculture  so  serious. 
In  times  past  we  have  seen  lower  prices  for  farm  crops, 
but  in  these  times  the  cost  of  things  the  farmers  bought 
were  low  in  proportion.  The  trouble  now  is  that  whereas 
the  prices  the  farmer  receives  for  his  crops  are  lower  than 
before  the  war,  the  price  he  pays  for  the  things  he  needs 
are  from  twenty-five  to  seventy-five  per  cent  above  the 
pre-war  prices.  Hence,  the  purchasing  power  of  the 
major  farm  crops  is  probably  lower  than  at  any  time  in 
our  history,  and  this  has  very  much  to  do  with  the  Na- 
tion-wide industrial  and  business  depression." 

The  conclusions  are  self-evident : 

1.  During  the  period  1910-1920,  the  "potential  number 
of  motor  vehicles  demanding  highway  service  increased 
more  than  1,800  per  cent,  highway  expenditures  about 
400  per  cent. 

2.  During  the  period  1910-1914,  motor  vehicles  in- 
creased more  than  1,100  per  cent,  highway  expenditures 
about  140  per  cent. 

3.  During  the  period  1914-1921,  motor  vehicles  in- 
creased about  700  per  cent,  and  highway  expenditures 
about  260  per  cent  of  the  1910  figures. 

But  even  the.se  figures  do  not  truly  represent  the  differ- 
ential between  the  demands  for  highway  service  and  our 
actual  production. 
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MEETINGS 


Calendar  of  Coming  Meetings 

Feb.  12-17 — Conference  on  Highway  Engineering. — 
Eighth  Annual  Conference,  University  of  Michigan,  Ann 
Arbor,  Mich. 

Feb.  21-22 — Kentucky  Association  of  Highway  Con- 
tractors— Annual  meeting,  Louisville,  Ky.  Secretary, 
D.  R.  Lyman,  Louisville,  Ky. 

June  4-6 — American  Association  of  Engineers — An- 
nual convention.  Salt  Lake  City,  Utah.  Secretary,  C.  E. 
Drayer,  63  E.  Adams  St.,  Chicago,  111. 

June  26- July  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineers'  Club  Bldg.,  Phila- 
dephia.  Pa. 


NEW  JERSEY  HIGHWAY  CONVENTION 

The  New  Jersey  State  Highway  Department  will  hold 
its  second  annual  state  highway  convention  February 
15  to  18  at  the  Stacy-Trent  Hotel,  Trenton.  The  pro- 
gram is  now  in  the  course  of  preparation  and  a  number 
of  instructive  and  interesting  papers  will  be  presented. 


UNIVERSITY  OP  MICHGAN  TO 

HOLD  HIGHWAY  CONFERENCE 

The  eighth  annual  conference  on  highway  engineering 

of  the  University  of  Michigan  will  be  held  at  Ann  Arbor, 

Mich.,  on  Feb.  13  to  17.    The  program  is  as  follows: 
Monday,  February  13—2:30  P.  M. 

"New  State  Standard  Cross-Sections,  Shallow  Ditches 
and  Sub-Drainage,"  by  Leslie  H.  Belknap,  Deputy 
State  Highway  Commissioner  of  Michigan. 

"State  Investigations  Covering  Grade  Reductions,"  by 
V.  R.  Burton,  District  Engineer,  Michigan  State 
Highway  Department,  and  Walter  E.  Lay,  Assist- 
ant Professor  of  Mechanical  Engineering,  Univer- 
sity of  Michigan. 

Monday,  February  13—8  P.  M. 

Moving  Pictures  of  Road  Machinery  and  Highway  Con- 
struction Methods,  Room  348,  Engineering  Build- 
ing. 

Tuesday,  February  14—9:30  A.  M. 

"Controlling  the  Quality  of  Materials  in  Highway  Con- 
struction and  Maintenance,"  by  John  H.  Bateman, 
Director,  State  Highway  Laboratory,  and  Assistant 
Professor  of  Highway  Engineering,  University  of 
Michigan. 

"Efficient  Methods  of  Providing  for  Traffic  During 
Highway  Construction,"  by  A.  R.  Hirst,  State  High- 
way Engineer  of  Wisconsin. 

Tuesday,  February  14—2  P.  M. 

"Plant  Inspection,  a  Necessity  to  Insure  Good  Bitumi- 
nous Pavements,"  by  Francis  P.  Smith,  Consulting 
Paving  Engineer,  New  York  City. 


"Developments  in  Methods  of  Constructing  Brick  Pave- 
ments," by  Arthur  H.  Blanehard,  Pi'ofessor  of 
Highway  Engineering  and  Highway  Transport, 
University  of  Michigan. 

Tuesday,  February  14 — 8  P.  M. 

Smoker:  Michigan  Union,  Second  Floor;  Henry  E. 
Riggs,  Professor  of  Civil  Engineering,  University 
of  Michigan,  presiding. 

"Michigan  as  a  Summer  Resort,"  by  Hon.  H.  S.  Earle, 
former  State  Highway  Commissioner  of  Michigan 

Violin  solo  by  M.  L.  Casmau,  Roy  D.  Chapin,  Fellow  in 
Highway  Transport. 

Songs  by  Highway  Engineering  Students. 

Musical  Selections  by  Rogers'  Orchestra. 

"Bituminous  Surfaces  on  Gravel  Roads,"  by  Paul  D. 
Wednesday,  February  15—9 :30  A.  M. 
Sargent,    Chief    Engineer,    Maine    State    Highway 
Commission. 

"State  Investigations  Covering  Dust  Prevention  on  and 
Preservation  of  Gravel  Roads,"  by  G.  C.  Dillman, 
Maintenance  Engineer,  Michigan  State  Highway 
Department,  and  Herschel  C.  Smith,  Assistant  Pro- 
fessor of  Highway  Engineering,  University  of 
Michigan. 

Wednesday,  February  15 — 2  P.  M. 

"Comparison  of  Sub-Drainage  by  Deep  Side  Ditches 
and  Tile  Drains,"  by  Charles  M.  Upham,  State 
Highway  Engineer  of  North  Carolina. 

"Organization,  Management  and  Methods  of  Snow  Re- 
moval from  Highways  Outside  of  Municipalities," 
bj'  Charles  J.  Bennett,  State  Highway  Commissioner 
of  Connecticut. 

Wednesday,  February  15 — 8  P.  M. 

Moving  Pictures  of  Road  Machinery  and  Highway  Con- 
struction Methods,  Room  348,  Engineering  Build- 
ing. 

Thursday,  February  16—9 :30  A.  M. 
Road  Commissioners'  Meeting 

Frank  F.  Rogers,  State  Highway  Commissioner  of  Mich- 
igan, presiding. 

Reports  of  representatives  of  the  County  Highway  De- 
partments of  Michigan. 

Thursday,  February  16—2  P.  M. 

"Distribution  of  State  Reward  Funds,"  by  Frank  F. 
Rogers,  State  Highway  Commissioner  of  Michigan. 

"Maintenance  of  State  Trunk  Line  Roads  in  Calhoun 
County,"  by  6.  W.  Schneider,  Chairman,  Calhoun 
County  Road  Commission. 

Thursday,  February  16—6  P.  M. 

Informal  Dinner  of  Michigan  Road  Commissioners'  and 
Engineers'   Association:    Banquet   Hall,   Michigan 
Union.     President  G.  W.  Schneider,  presiding. 
Friday,  February  17—9 :30  A.  M. 

"Appearance  of  Highways,"  by  C.  F.  Boehler,  Land- 
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scape  Engineer,  Mjchigan  State  Highway  Depart- 
ment. 

"Useful  Roadside  Planting,"  by  lion.  W.  t>.  Linton. 
Saginaw.  Miohijran. 

"Growth  of  Roadside  Trees,"  by  A.  K.  Chittenden,  Pro- 
fessor of  Forestry,  Michigan  Agricultural  College. 

"Relation  of  Roadside  Development  to  Telephone  Com- 
panies," by  B.  R.  Mai-sh,  Division  Plant  Superin- 
tendent, Michigan  State  Telephone  Company. 


PERSONAL  MENTION 

J.  W.  Ackerman,  formerly  City  Engineer  of  Auburn, 
N.  Y.,  has  been  appointed  city  manager  of  Watertown, 
N.Y. 


James  Logan  has  resigned  as  county  engineer  of 
Burlington  County,  New  Jersey,,  to  enter  private 
practice. 


James  E.  Gillespie  has  resigned  as  division  engineer 
of  the  Wisconsin  State  Highway  Department  to  enter 
private  practice. 


James  W.  Routh  has  been  retained  by  the  Bureau 
of  Municipal  Research  of  St.  Paul,  Minn.,  to  study 
street  cleaning  and  refuse  disposal  problems. 


J.  A.  Courtade  has  resigned  as  director  of  public  works 
of  Bridgeport,  Conn.,  and  is  now  manager  for  Connecti- 
cut for  the  Warren  Brothers  Company,  of  Boston.  Mass. 


F.  D.  Hudgins,  formerly  a  senior  highway  engineei' 
of  the  U.  S.  Bureau  of  Public  Roads,  with  headquarters 
at  St.  Paul,  Minn.,  has  been  appointed  state  highway 
engineer  of  South  Dakota. 


Hugh  Crozier,  formerly  highway  engineer  for  the 
western  district,  under  the  Kentucky  State  Highway 
Department,  has  been,  appointed  assistant  engineer  at 
the  deparment  headquarters  at  Frankfort. 


FEDERAL  AID  PROGRAM  BEING  DRAFTED 
The  Secrotarv  of  Atrriculture  is  considering  a  tentative 
draft  of  7njles  and  regulations  for  the  administration  of 
the  Federal  Highway  Act.  approved  last  November,  un- 
der which  $7.').000.000  is  appropriated  for  the  construc- 
tion of  Federal-aid  rods,  but  will  not  promulgate  them 
until  he  has  conferred  with  representatives  of  the  state 
highway  departments.  The  secretary  is  impressed  with 
the  need  for  the  closest  possible  cooperation  between  the 
Federal  Government  and  the  states  in  the  devlopment 
of  the  federal  aid  highway  system  called  for  by  the  act. 
and  the  value  and  ser^'iceability  of  the  s.vstem  will  not 
be  jeopardized  by  a  ha.sty  rlccision  as  to  the  loads  which 


will  comprise  it  or  the  regulations  to  be  followed  in  carry- 
ing out  the  purposes  of  the  legislation. 

Fifty  million  dollars  of  the  appropriation  became  avail- 
able Jan.  1,  and  the  remaining  $25,000,000  was  made 
available  upon  approval  of  the  act,  Nov.  9,  last. 

In  formulating  the  fundamental  rules  which  will  gov- 
ern the  states  and  the  Federal  Govornineut  in  adniinister- 
ing  the  law,  the  Department  of  Agriculture  is  seeking 
tiie  counsel  of  the  state  highway  departments  a.s  repre- 
sented by  tlie  executive  committee  of  the  American  Asso- 
ciation of  State  Highway  Officials.  Members  of  the 
i-onimittee  arc :  George  P.  Coleman,  State  Highway  Com- 
missioner of  Virginia ;  Paul  D.  Sargent,  Chief  Highway 
Engineer,  Maine;  Austin  B.  Fletcher,  State  Highway 
Engineer,  California ;  W.  R.  Neel,  State  Highway  Engi- 
neer, Georgia;  Thomas  H.  MacDonald,  Chief  of  the 
Bureau  of  Public  Roads;  George  E.  Johnson,  Secretary, 
Department  of  Public  Works,  Nebraska ;  Ira  R.  Bowning, 
.Member  of  Highway  Commission  of  Utah;  R.  J.  Wind- 
row, State  Highway  Engineer,  Texas ;  W.  D.  Uhler,  State 
Highway  Engineer,  Pennsylvania,  and  D.  P.  Olson,  Di- 
rector, Bureau  of  Highways,  Idaho. 

Pending  definite  decision  upon  details  of  the  federal 
liighway  system,  each  project  submitted  by  the  states  will 
lie  examined  with  the  utmost  care  by  the  Bureau  of  Pub- 
lie  Roads  to  determine  whether  it  is  likely  that  the  roads 
proposed  will  come  within  the  Federal  system  as  finally 
selected.  The  department  regards  the  approval  of  this 
system  as  of  great  importance.  Each  project  submitted 
in  advance  of  the  definite  decision  upon  the  system  as  a 
whole  will  have  an  effect  in  fixing  particular  routes  and 
so  determining  the  system.  Location  of  the  projects, 
choice  of  routes,  and  character  of  improvements  proposed 
will  be  given  close  study. 

Each  state  highway  department  has  been  requested  to 
submit  as  soon  as  possible  to  the  Department  of  Agricul- 
ture a  tentative  map  showing  routes  proposed  for  pri- 
marv  and  secondary  systems.  In  examining  and  passing 
upon  these  recommendations  special  consideration  will 
be  given  to  social  and  economic  questions  involved,  such 
as  service  to  population,  establi.shed  trend  of  traffic,  exist- 
ing industries,  natural  resoui-ces,  etc.  In  considering 
I))ans  for  individual  projects  special  attention  will  be  de- 
voted to  grade  crossings,  gradients,  curvature,  bridges, 
general  drainage  conditions,  location  of  material  supplies, 
etc.,  but  in  the  selection  of  the  system  the  broader  social 
;ind  economic  principles  will  govern. 


STATE  HIGHWAY  WORK  IN  MONTANA 

The  total  value  of  construction  performed  by  the 
^Montana  State  Highway  Department  during  he  fiscal 
year  1921  as  shown  by  Chief  Engineer  Edy'.s  annual 
report  was  $3,139,244.31,  an  amount  which  exceeds  the 
work  of  any  previous  year  and  lacks  but  $40,000  of 
equalling  the  value  of  constiniction  work  performed 
during  the  entire  four-year  period  from  1917  to  1920 
inclusive.  The  maximum  value  of  construction  work  in 
any  single  month  was  $478,695.19. 
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Concrete  Roads 
must  be  Reinforced 

It  is  demonstrated  beyond  doubt  that  to 
make  concrete  roads  proof  againjt  heavy  motor 
traffic,  weather  and  time  a  fabric  of  steel 
must  be  incorporated   in  the  concrete. 

Several  great  States  have  so  ruled. 
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Spreading  the  Gospel    / 
of  Mudless,  Dustless,^ 
All-year  Roads— 7^  ^^ 

VVZHEREVER  you  have  seen  one  of  these  trucks  at 
»  '  work  you  may  be  sure  that  GOOD  ROADS  have 
come  to  thatcommunity.  For  the  Tarvia  Truck  Sprayer 
is  the  herald  of  smooth,  dustless,  mudless  "all-year"  roads 
that  are  less  expensive  to  build  and  maintain  than  any 
other  type  of  modern  highway.'^ 

How  about  the  roads  in  j'twr  community? 

If  you  have  any  road  problems^ either  construction, 
maintenance  'or  repairs  —  put  them  up  today  to  the 
engineers  of  our  Special  Service  Department.  Their 
advice,  based  on  wide  experience  with  every  type  of 
highway  construction,  is  free  for  the  asking — and  it 
in%'olves  no  obligatioti  whatever  on  your  part.  Please 
address  yoiir  .letter  to  our.  nearest  branch. 
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Road  Work  in  National  Forests 

By    F.    E.    BONNERf 


National  forests  contain  a  total  of  more  than  156,- 
000,000  acres  of  land  in  the  ownerehip  of  the  United 
States  and  embrace  much  of  the  most  rugged,  densely 
timbered  and  least  developed  regions  of  the  country. 
The  need  of  a  complete  system  of  roads  and  trails 
for  the  protection,  management  and  development  of 
these  vast  regions  is  obvious. 

The  work  of  providing  an  adequate  system  of  roads 
and  trails  in  the  national  forests  has  been  progressing 
steadily  since  1905,  when  the  Forest  Service  became 
charged  with  the  administratdon  of  these  regions. 
Early  appropriations  were  small  however,  and  it  was 
not  until  recent  years  that  impressive  progress  has 


tActliiig  Chief  Engineer,  U.  S.  Forest  Service. 


been  made  upon  the  work.  Appropriations  previous 
to  that  in  the  Federal  Highway  Act  of  Nov.  9,  1921 
consists  of  $19,000,000  under  the  acts  of  1916  and  1919 
and  also  a  provision  in  an  act  of  1913  which  per- 
mitted the  Forest  Service  to  use  for  improvements 
10%  of  the  receipts  each  year  from  the  sale  of  timber 
and  other  forest  products.  This  latter  fund  has 
amounted  so  far  to  slightly  more  than  $3,000,000.  Un- 
der tihe  past  appiropriations  there  has  been  expended 
about  $20,000,000  but  a  great  deal  of  work  .still  re- 
mains to  be  done.  According  to  the  best  estimates 
prepared  by  the  Forest  Service  there  are  about  5,400 
mi.  of  road  still  required  to  complete  the  state  high- 
way    systems  traversing  tlie  national  forests  or  con- 
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tiguous  to  them.  About  8,500  mi.  of  roads  are  needed 
to  complete  tiie  county  liighway  systems  within  the 
forests.  Additional  roads  required  principally  for  the 
protection  and  utilization  of  the  resources  of  the  na- 
tional forests  aggrrogate  more  than  13,000  mi.  Aside 
from  t:he  roads,  the  pack  trails  needed  in  the  national 
forestr,  principally  in  connection  with  fire  protection 
work,  will  entail  about  40,000  mi.  of  further  construc- 
tion. The  total  cost  of  providing  all  tJiese  transporta- 
tion facilities  will  involve  an  outlay  of  approximately 
*  140,000.000. 


Bn:«r       / 

i^UKiU^ 
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ROAD  IN  OLYMPIC   NATIONAL   FOREST 

The  Secretary  of  Agriculture  has  apportioned 
$15,000,000  among  27  states,  Alaska  and  Porto  Rico  for 
the  construction  of  roads  and  trails  in  national  forests. 

Of  this  sum.  $9,500,000  known  as  the  "National 
Forest  Highway  Fund"  is  set  aside  for  roads  of  pri- 
mary importance  to  states,  counties  and  national  forest 
communities;  $5,500,000  constituting  the  "National 
Forest  Development  Fund,"  will  be  used  for  the  con- 
struction of  roads  and  trails  needed  for  the  adminis- 
tration and  utilization  of  the   forests  themselves. 

These  appropriatioas  will  give  a  new  impetus  to 
the  work  of  opening  up  vast  tracts  of  valuable  timber 
and  areas  of  scenic  beauty  for  t^e  use  and  enjoyment 
of  the  American  people. 

The  development  of  roads  and  trails  throughout  the 
for.-sts  will  aid  materially  in  fire  protection.  At  pres- 
ent there  are  large  areas  of  trackless  wilderness  with- 
in the  national  forests  that  can  not  be  reached  by 
trails.  When  lightning  storms  sweep  over  these  in- 
secessible  areas,  heavy  fire  losses  of  public  timber 
often  occur. 

Speed- in  reaching  a  forest  fire,  is  just  as  important 
in  protecting  the  country's  forests  as  is  speed  in  city 
firf    y)rof<-ftir.n       But    high    speed    within    the    forests 
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means  four  or  five  miles  an  hour  over  a  mountain  trail. 
If  no  trail  exists  it  is  often  impossible  for  the  fire 
fighters  to  average  more  than  one-fourth  of  a  mile 
in  an  hour. 

In  the  past,  construction  of  many  urgently  needed 
forest  roads  has  been  deferred  for  lack  of  sufficient 
funds.  Much  of  this  work  can  now  go  fomvard.  The 
Forest  Service  estimates  that  eventually  over  $100,- 
000,000  will  be  required  to  supply  a  thoroug'hly  ade- 
quate transportation  system  throughout  the  156,000,000 
acres  within  the  national  forests. 

The  distribution  by  States  of  the  "National  Forest 
Development"  and  "National  Forest  Highway  Funds" 
is  as  follows: 

Nat'l  Forest    Nat'l  Forest 
Highway       Development 
Fund  Funds 

State  $9,500,000        $5,500,000  Totals 

Alabama    4,880  5,799  10,679 

Alaska    970,271  50,222  1,020,493 

Arizona    598,189  280,722  878,911 

Arkansas    70,365  72,573  142,938 

California    1,460,871  703,822  2,164,693 

Colorado    717,058  336,360  1,053,418 

Florida    25,118  8,730  33,848 

Georgia    13,355  20,347  33,702 

Idaho    1,097,894  1,088,656  2,186,550 

Maine    2.760  4,754  7,514 

Michigan 3,638  6,220  9,858 

Minnesota   60,929  65,621  126,550 

Montana.'. 878,886  574,615  1,453',501 

Ne.braska  11,065  11,159  22,224 

Nevada    207,984  55,377  263,361 

New  Hampshire    35.294  24,276  59,570 

New   Mexico    458,258  219,652  677,910 

North  Carolina 27,856  46,984  |74,840 

Oklahoma    5,645  8,764  14,409 

Oregon   1,157,109  718,555  1,875,664 

Porto  Rico   1,454  5,344  6,798 

South  Carolina   1,572  8,704  10,276 

South   Dakota    77,553  64,139  141,692 

Tennessee    20.896  23,243  44,139 

Utah    371,776  164,258  536,034 

Virginia   26,140  46,512  72,652 

Washington 708,133  602,889  1,311,022 

West  Virginia   6,051  14,602  20,653 

Wyoming    479,000  267,101  746,101 

Totals $9,500,000         $5,500,000         $15,000,000 

WOULD  LIMIT  FEDERAL  AID  FUNDS 

President  Harding  recently  stated  to  tlifl  House  Com- 
mittee of  Roads  that  he  favored  the  limiting  of  Fed- 
eral aid  appropriations  to  $75,000,000  per  year  for  the 
present.  It  is  expected  that  appropriations  of  federal 
aid  funds  will  soon  be  made  so  as  to  be  available 
for  the  year  commencing  July  1,  1923. 


MIDDLE  WEST  STATES  BOYCOTT  CEMENT 

Highway  officials  of  the  States  of  Illinois,  Michigan, 
Minnesota,  Iowa,  Kansas,  Wisconsin,  South  Dakota  and 
Missouri  at  a  recent  conference  in  Chicago,  pledged  that 
they  would  let  no  further  contracts  for  concrete  roads 
until  the  cement  manufacturers  lowered  the  price  of 
cement. 


The  Portland  Cement  Association  has  opened  two 
new  district  offices ;  one  at  10  Norh  High  Street,  Boston, 
Ma.ss.,  with  L.  T.  Loring  in  charge;  the  other  is  in  the 
Finance  Building,  Philadelphia,  Pa.,  with  D.  S.  Mac- 
Rride  in  charge. 
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Surface  Finish  in  Concrete  Roads* 

Has  Important  Bearing  Upon  Life  of  Road — Irregularities  in  Surface  Caused  by 

Non-Uniform  Aggregates  or  Foreign  Materials  Therein,  Poor 

Workmanship,  Cracks  and  Uneven  Joints 

By   H.   EI/riNGE   BREED-f- 


Apparently  a  strong  mental  tendency  is  to  disregard 
the  obvious  and  seek  the  remote.  Perhaps  this  is  because 
the  obvious  is  often  an  aggregation  of  trifles,  while  the 
remote  may  be  striking,  stupendous.  Certain  it  is  that 
almost  any  more  obscure  cause  may  be  heard  given  for 
the  success  or  failure  of  any  road,  than  the  simple  one 
of  surface  finish.  Yet,  I  believe  that  in  the  concrete 
road  economically  designed,  the  life  of  the  pavement  de- 
pends as  much  upon  the  surface  finish  as  upon  any  other 
factor. 

We  know  now  that  impact  is  the  great  cause  of  destruc- 
tion in  our  pavements.  Impact  is  the  bumping  or  bang- 
ing of  one  object  upon  another.  As  I  roll  a  smooth 
cylinder  along  a  smooth  table  there  is  practically  no 
impact,  but  let  ridges  appear  in  the  table,  and  as  the 
cylinder  bumps  along  over  them,  you  get  a  series  of 
impacts  that,  if  the  cylinder  be  heavy  enough  and  rolled 
often  eough,  will  soon  wear  out  the  surface  and  damage 
the  structure. 

That  is  analogous  to  what  is  happening  to  our  roads 
If  the  wheels  of  vehicles  are  smooth  and  the  pavement 
surface  is  smooth  there  is  no  damaging  impact  from 
traffic.  The  road  lives  even  though  it  be  weak  in  propor- 
tion to  the  volume  and  weight  of  traffic  it  must  carry. 
But  let  surface  irregularities  develop,  and  no  matter  how 
strongly  built,  the  whole  pavement  soon  shows  the  effects 
of  wear.  We  build  our  roads  on  an  average  to  with- 
stand a  pressure  of  800  lb.  per  lineal  inch  width  of  tire. 
Yet,  if  an  uneveness  in  surface  of  only  J4  in-  occurs, 
the  impact  of  one  rear  wheel  of  a  5-ton  truck  may  exert 
an  impact  pressure  upon  the  road  of  20,000  lb.  Under 
such  pressure,  the  uneveness  becomes  a  depression 
whose  edges  spall  and  break,  causing  further  impacts 
and  more  depressions  until  the  pavement  is  badly  dam- 
aged. 

In  order  to  lessen  impact  we  must  get  and  keep  smooth 
surfaces.  How  can  we  do  it?  Close  scrutiny  of  work 
and  infinite  attention  to  detail  are  essential.  Then  there 
are  certain  general  remedies  suggested  by  the  general 
causes  of  uneveness,  specific  remedies  being  tried  by 
different  states,  or  on  different  jobs,  and  different 
methods  of  work  and  machinery. 

There  are  five  general  causes  of  uneveness  in  the 
pavement  surface: 

1.  Foreign  materials  in  the  aggregate,  which,  fail- 
ing to  amalgamate  are  ousted,  leaving  holes  and 
depressions. 

2.  Non-uniform  aggregates,  which  cause  inequali- 
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ties  in  wearing  resistance  to  traffic,  and  subse- 
quent depressions  in  the  weaker  places. 

3.  Poor  workmanship  in  striking  off  and  finishing. 

4.  Cracks,  longitudinal  and  transverse,  due  to  frost 
action,  changes  of  temperature  or  unequal  bear- 
ing power  in  the  subsoil. 

5.  Uneven  joints,  perhaps  the  most  common  cause 
of  surface  trouble,  due  often  to  the  piling  up  of 
joint  material  or  to  a  difference  in  elevation  of 
the  slab  surface. 

The  general  remedies  for  surface  uneveness  are  as 
obvious  as  the  uneveness  itself,  and  therefore,  perhaps, 
as  often  neglected — strict  specifications  exacting  good 
material  and  good  workmanship.  More  and  more  we  are 
getting  these  on  paper.  The  problem  is  their  applica- 
tion to  the  job,  because  there  is  where  the  human  ele- 
ment enters.  Now  solve  the  personal  equation  between 
engineer  and  contractor.  I  wish  that  sometime  we  might 
have  fuller  discussion  on  this  point.  The  answer  is  at 
once  made  that  the  relationship  should  be  one  of  co- 
operation and  mutual  endeavor  toward  a  common  end— 
the  best  possible  road.  But  as  long  as  private  profit  out- 
distances social  welfare  as  an  aim  in  our  economic  life, 
just  so  long  are  we  often  going  to  have  the  contractor 
trying  to  make  him  put  all  he  can  into  it.  So  some- 
times the  letter  of  the  specifications  is  violated,  and 
frequently  their  spirit.  When  all  engineers  know  their 
job  so  well  that  they  can  show  contractors  easier  and 
better  methods  of  doing  their  work,  and  when  all  con- 
tractors regard  highway  work  as  a  legitimate  industry 
and  not  a  financial  gamble,  then  we  shall  have  that  ad- 
herence to  specifications  that  will  insure  good  work  and 
smooth  surfaces. 

Three  other  general  methods  of  preserving  good  sur- 
face finish  once  it  is  obtained  are  the  use  of  steel  re- 
inforcement, the  division  of  the  road  longitudinally,  and 
the  wider  spacing  of  joints  with  the  use  of  dowels. 

The  advantages  of  steel  reinforcement  are  that  it  gives 
the  road  greater  bearing  power  and  greater  resistance 
to  frost  action  and  that  it  offsets  irregularities  and  weak- 
nesses in  the  sub-soil.  By  helping  to  preserve  the  in- 
tegrity of  the  pavement,  it  minimizes  any  tendency  to- 
wards cracking,  which  is  of  course  a  cause  of  surface 
uneveness. 

The  division  of  the  road  longitudinally  increases  its 
beam  strength  about  fourfold.  Observation  reveals  that 
longitudinal  cracks  are  not  found  in  slabs  9  and  10  ft. 
wide,  though  we  have  all  encountered  them  in  slabs 
beyond  that  width.  The  reason  for  this  difference  is 
still  conjectural,  but  until  it  is  ascertained  we  would 
do  well  to  be  guided  by  results  hitherto  obtained,  and 
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build  our  concrete  roads  in  two  longitudinal  seotiou;. 

Transverse  joints  being  a  prolific  source  of  trouble, 
it  is  well  to  diminish  their  number  as  far  as  possible 
through  the  use  of  the  longer  slab.  This  wider  spacing 
of  joints  becomes  feasible  through  the  use  of  steel  re- 
inforcement to  meet  the  temperature  stresses  of  the 
slab.  The  use  of  dowels  gives  stability  to  the  joints  and 
holds  the  surface  even.  The  submergence  of  joints  an 
inch  below  the  surface  has  proven  unsatisfactory.  De- 
vised at  first  to  secure  a  smooth  surface  and  permit  the 
rise  of  a  finishing  machine,  it  seemed  admirable  until 
subsequent  expansion  crowded  and  crushed  the  concrete 
above  the  joint  material,  leaving  a  badly  ravelled  and 
spalled  joint.  The  best  method  that  I  have  found  of 
making  a  joint  is  to  submerge  the  joint  material  until 
after  the  screed  or  finishing  machine  has  passed  over  it ; 
then  to  lift  the  joint  material  slightly  above  the  surface 
with  long  fingered  tongs;  then,  to  finish  the  joint  with 
the  split  float  or  split  roller,  rounding  the  concrete  next 
to  the  joint  material  with  an  edging  tool. 

Specific  application  of  these  general  principles  is 
found  in  the  requirements  of  such  states  as  Delaware, 
Pennsj'lvania  and  New  York.  In  these  states,  and  in 
others,  the  specifications  exact  good  workmanship  by 
allowing  a  maximum  of  only  %  in.  depression  in  10  ft 
of  pavement  tested  with  a  straight  edge.  The  use  of 
the  straight  edge  on  green  concrete  indicates  depres- 
sions to  be  rectified  and  insures  good  results.  These 
states  specify  materials  with  such  precision  as  almost 
certainly  to  preclude  the  use  of  foreign  materials  in  the 
aggregate  or  of  non-uniform  aggregates.  They  design 
the  roads  so  as  to  minimize  the  danger  of  movement  in 
the  slab  and  resulting  cracks,  and  they  give  special  at- 
tention to  the  placing  of  joints  and  to  the  suitability  of 
the  machinery  in  use. 

All  of  these  precautions  were  taken  on  the  road  built 
last  gammer  in  Old  Bennington,  Vt.,  by  the  Fred  T.  Lay 


Company,  and  so  far  not  the  slightest  indication  of  any 
surface  uneveness  has  appeared  on  it.  This  tends  to 
support  my  belief  that  we  are  going  to  be  able  to  build 
roads  witliin  necessary  financial  limits  tliaf  under  the 
traffic  permitted  by  law  will  be  practically  inde- 
structible. 

The  actual  method  of  finishing  is  of  eoui'se  important 
in  securing  a  smooth  surface.  Some  road  builders  pre- 
fer to  use  the  finishing  machine  with  the  roller  and  belt. 
It  is  essential  that  the  roller  be  light.  A  too  heavy  roller 
pushes  the  crown  out  of  the  pavement,  and  spoils  the 
surface.  Most  specifications  call  for  a  weight  of  from 
12  to  15  lb.  per  foot  length.  Some  builders  omit  the 
roller,  using  only  the  machine.  My  own  experience  indi- 
cates that  the  roller  helps.  One  advantage  of  the  finish- 
ing machine  is  that  a  dryer  concrete  can  be  used  with  it 
which  gives  greater  strength  to  the  pavement.  It  also 
gives  more  uniform  results  than  can  be  obtained  with  a 
green  gang,  and  seems  in  general  more  fool-proof  than 
the  hand  method.  Still  many  prefer  to  strike  off  with 
the  hand  screed  using  the  roller  and  belt.  This  has  the 
advantage  of  making  one  piece  of  plant  the  less  to  got 
out  of  order  and  where  a  heavy  screed  is  used  in  the 
hands  of  competent  workmen  it  gives  as  smooth  a  finish 
as  the  finishing  machine. 

With  either  method  the  board  belt  gives  unquestion- 
ably the  best  finish.  The  bow  belt  however  can  give 
good  results.  Proper  belting  takes  off  not  only  the  excess 
water,  but  also  the  clay  loam,  laitance,  etc.,  that  to  form 
a  scale  on  the  surface. 

I  have  tried  in  this  paper  to  bring  to  your  attention 
only  the  salient  features  in  securing  surface  smoothness 
in  the  hope  that  a  hasty  summary  might  help  to  bring 
practice  and  theory  closer  together  so  that  theory  might 
receive  fresh  impetus  to  discover  the  something  new  on 
the  subject  that  I  have  not  been  able  to  find  and  tell 
you. 


Bituminous  Foundations  for  Pavements 


By  HUOH  W.  SKIDKfOREt 


14ie  two  most  important  elements  affecting  the  de- 
nga  of  pavements  for  both  city  streets  and  county 
roads  are  the  character  and  the  intensity  of  the  traf- 
fic to  be  carried.  These  two  factors  combine  to  de- 
termine the  probable  destructiveness  of  the  most  potent 
of  all  traffic  forces — impact.  There  are  other  impor- 
tant considerations,  such  as  bearing  power  of  soil, 
temperature  variations,  drainage,  quality  and  quantity 
of  local  materials,  etc.,  but  all  of  these  are  of  secondary 
consideration  when  compared  with  traffic.  The  re- 
markable changes  in  kind,  weight  and  speed  of  vehicles 
which  have  occurred  in  the  last  few  years,  have  neces- 
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sitated  departures  not  only  from  some  of  the  accepted 
practice  formulae  pertaining  to  various  pavement 
types;  but  also  from  some  of  the  previously  conceded 
standard  types  of  foundation  and  wearing  surface 
construction. 

It  is  ridiculous  to  assume  that  any  one  type  of 
foundation  or  wearing  surface  will  prove  the  best  un- 
der all  conditions.  In  fact,  it  is  often  the  case  that 
more  than  one  basic  design  should  be  used  within 
a  given  length  of  pavement  and  until  this  fact  is 
more  generally  recognized,  failures  will  continue  to 
be  more  prevalent  than  they  should  by  reason  of  the 
known  limitations  attending  any  given  basic  design. 

Two  schools   of  thought,   as  applied   to   pavement 
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foundations,  have  been  evolved.  These  are  essentially 
different  in  their  fundamental  principles.  One  of 
them  seeks  to  overcome  the  destructive  effect  of  tlie 
traffic  loading,  which  at  any  instant  may  be  converted 
into  impact  of  variable  intensity  and  often  equivalent 
to  several  times  the  dead  load  by  means  of  a  rigid 
slab  possessing  strength  superior  to  the  possible  force 
of  impact ;  the  other  dissipating  the  blow  by  absorbing 
a  very  considerable  portion  thereof  through  a  flexible 
structure,  which  is  always  in  actual  contact  with  the 
subgrade,  thereby  insuring  greater  uniformity  of  load 
distribution  and  functioning  as  a  distributing  medium 
or  foundation  and  not  as  a  deflector. 

Rigid  Types  Discussed 
Rigid  types,  since  they  must  possess  strength  su- 
perior to  the  traffic  forces,  have  undergone  in  rapid 
succession  modifications  which,  with  few  exceptions, 
have  been  of  such  nature  as  to  increase  the  original 
cost  of  the  pavement  very  substantially.  Perhaps  the 
most  important  reason  underlying  the  necessity  of 
these  modifications  is  the  fact  that  the  rigid  slab  is  not 
at  all  times  in  actual  contact  with  the  subgrade  and, 
therefore,  does  not  always  function  as  a  distributing 
medium,  but  must  sustain  the  entire  force  of  the  load- 
ing within  itself.  The  fact  that  concrete  pavements 
warp  due  to  temperature  stresses,  which  has  been 
demonstrated  by  certain  investigations  of  the  Illinois 
State  Highway  Department,  indicates  that  at  almost 
any  time  the  rigid  slab  can  be  expected  to  be  func- 
tioning either  as  an  arch,  with  bearing  at  the  outside 
edges  of  the  slab  and  free  from  the  subgrade  in  the 
central  portion — or  functioning  as  a  simple  cantilever 
beam,  with  the  fulcrum  at  or  near  the  crown,  and 
with  the  outside  edges  not  in  contact  with  the  sub- 
grade;  therefore,  the  maximum  strength  of  the  rigid 
pavement  slab  will  be  demanded  when  it  is  acting  as 
a  cantilever  beam.  In  view  of  the  data  thus  far  ob- 
tained, it  is  only  logical  that  this  idea  has  been  intro- 
duced into  the  design  of  rigid  pavements.  It  is  well 
known  that  the  internal  stresses  in  pavements,  created 
by  changes  in  temperature,  oftentimes  become  very 
powerful  forces  and  to  date  the  rigid  type  of  con- 
struction has  failed  to  offer  uniformly  satisfactory  re- 
sistance, as  evidenced  by  cracking. 

While  it  is  true  that  the  seriousness  of  such  failures 
is  often  reduced  by  more  careful  attention  to  drainage, 
preparation  of  subgrade,  etc.,  they  are,  nevertheless, 
admittedly  inherent  weaknesses  in  this  particular  type. 
Soil  conditions  in  certain  sections  of  the  country  may 
be  such  that  during  a  portion  of  the  year  the  bearing 
power  of  the  soil  will  be  so  low  that  it  cannot  be  re- 
lied upon  as  offering  any  very  substantial  support  to 
the  pavement  structure.  The  unstable  soil  condition 
may  be  of  limited  extent  and  the  soil  may  be 
of  such  character  as  to  admit  of  ready  drain- 
age so  that  proper  attention  to  this  feature  will  re- 
move the  difficulty.    Again,  unstable  soil  during  a  con- 


.siderable  portion  of  the  year  may  prevail  more  or  less 
generally  throughout  certain  localities,  or  tlie  soil  may 
be  of  such  nature  that  it  is  practici.lly  impossible  to 
adequately  drain  it  even  with  very  elaborate  struc- 
tures. In  such  cases  the  construction  of  sub-founda- 
tions may  prove  a  practical  solution,  while  at  other 
times  it  will  be  found  that  a  rigid  pavement  stnicture 
will  be  the  most  economical.  Likewise  often  a  combin- 
atio)\  of  subgrade  drainage  and  the  construction  of 
artificial  subgrade  or  sub-foundation  overlaid  by  either 
a  rigid  or  a  flexible  type  of  structure  will  prove  to  be 
the  mo^  adequate  solution. 

It  is  quite  natural  that  concrete  and  monolithic 
brick  and  block  pavements,  which  exemJplify  rigid 
construction  types,  should  be  passing  through  the  ex- 
perimental stage  in  order  that  they  can  be  studied 
with  respect  to  their  probable  ultimate  efficiency.  Ul- 
timate efficiency,  or  economy,  is  of  supreme  import- 
ance and  must  include  not  only  the  original  cost, 
but  to  this  must  be  added  the  cost  of  maintenance 
and  the  total  spread  over  a  term  of  years  representing 
the  average  natural  life  of  the  pavement. 

Only  quite  recently  have  we  come  into  possession 
of  any  very  definite  understanding  of  some  of  the 
forces  to  v/hich  pavements  are  subjected  and  as  to  what 
limitations  appertain  to  various  types  with  respect  to 
their  resistance  to  such  forces.  There  remains  a  vast 
amount  of  information  still  to  be  acquired  and  inves- 
tigations which  are  now  in  progress  will  undoubtedly 
indicate  new  channels  for  further  study.  Some  of 
these  investigations  now  under  way  deal  exclusively 
with  either  tlie  rigid  or  flexible  type,  while  others  in- 
clude both.  It  has  recently  been  my  privilege  to  ob- 
serve the  work  of  this  nature  which  is  being  conducted 
by  the  Illinois  State  Highway  Department  and  to  note 
the  very  commendable  thoroughness  with  which  they 
are  attacking  many  of  the  problems  surrounding  sev- 
eral designs  of  modem  highway  construction.  There 
is  no  doubt  but  what  a  fund  of  very  valuable  data 
will  result  from  such  impartial,  scientific  investiga- 
tions, some  of  which  will  apply  to  all  types  of  pave- 
ment construction  while  some  will  apply  to  only  such 
types  as  are  actually  under  investigation.  It  is  hoped 
that  as  results  are  published  from  time  to  time  and 
the  possibilities  of  further  investigation  concerning 
either  flexible  or  rigid  types  are  indicated,  that  such 
studies  will  be  immediately  undertaken  and  that  this 
practice  will  continue  until  all  of  the  fundamentals  un- 
derlying both  the  rigid  and  flexible  types  have  been 
determined,  and  it  will  tlien  be  possible  to  design  pave- 
ments with  a  thorough  understanding  of  the  limitations 
and  the  adaptability  attending  the  use  of  both. 

Flexible  Types  Discussed 

Flexible  and  semi-flexible  pavement  structures  are 
the  oldest  types  known,  and  we  have  only  to  picture 
the  old  Roman  roads  to  realize  that  the  soundness 
of    such    ooustruction    was    thoroughly    demonstrated 
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long  ago.  Although  modern  traffic  reqixires  a  wear- 
ing surface  of  superior  quality,  it  is  debatable  whether 
highways  as  they  are  so  often  built  in  this  country 
today  will  ever  prove  as  truly  economical  as  they 
would  if  we  employed  more  generally  the  old  idea  of 
a  built-up  roadbed,  and  tlien  laid  upon  this  our  modern 
traffic  floor. 

Flexible  foundations  include  gravel,  broken  stone, 
waterbound  macadam,  bituminous  macadam,  and  hot- 
mix  bituminous  concrete.  They  are  usually  classified 
as  to  value  in  a  pavement  structure  in  reverse  of  the 
order  named,  with  bituminous  concrete  as  the  highest 
type.  It  is  estimated  that  there  are  15,000,000  sq.  yd. 
of  "black  base"  giving  satisfactory  service  in  this 
country. 

The  bituminous  foundation  structure,  although  pos- 
sessing considerable  beam  strength,  functions  primarily 
as  a  shock  reducer,  that  is,  it  gives  slightly  under  the 
blow  of  impact  in  transmitting  the  load  to  the  sub- 
grade.  Therefore,  the  design  of  this  type  places  con- 
siderable reliance  in  the  load  .supporting  power  of  the 
subgrade.  Its  use  then  is  dependent  upon  a  knowledge 
of  the  ability  of  the  subgrade  to  support  loads  equal 
to  the  probable  force  of  impact  reduced  by  the  slab 
strength  residing  in  the  bituminous  structure ;  whereas 
the  rigid  type,  regardless  of  the  bearing  power  of 
the  soil,  must  be  built  to  sustain  the  entire  force  of 
impact.  For  this  reason  a  much  thicker  rigid  founda- 
tion is  required  under  given  traffic  and  subgrade  con- 
ditions, as  has  been  demonstrated  by  impact  tests. 

It  will  be  readily  seen  that  even  where  soils  ai'e  of 
questionable  value  as  a  subgi'ade,  bituminous  founda- 
tions may  still  be  employed  economically,  if  an  arti- 
ficial subgrade  of  broken  stone,  gravel,  boulders,  or 
even  cheaper  materials,  is  first  constructed.  When 
old  macadam  or  gravel  roads  already  exist,  an  excel- 
lent artificial  subgrade  is  offered  at  almost  negligible 
cost.  If  widening  is  necessary,  this  can  usually  be 
accomplished  as  in  the  case  of  the  Kingston  Pike  at 
Knoxville,  Tenn.,  where  "black  base"  was  laid  about 

4  in.  thick  over  the  old  macadam  and  7  in.  thick  at 
the  edges  of  the  widened  pavement. 

In  the  West,  where  the  most  extensive  yardage  of 
bituminous  foundation  has  been  laid,  the  general  prac- 
tice seems  to  be  in  taking  alternate  bids  to  specify 

5  in.  total  depth  for  "black  base"  pavement  and  7  in. 
for  concrete  pavement  of  1:2:3  mix.  Almost  uni- 
versally bids  for  "black  base"  pavements  have  been 
less  than  for  either  concrete  pavement  or  asphalt  wear- 
ing surface  on  concrete  base.  The  saving  has  varied 
from  20  to  60  ct.  per  square  yard. 

Contractors'  Views 
The  opinions  of  contractors  are  always  necessary 
and  valuable  since  the  very  nature  of  their  business 
requires  that  they  give  very  careful  thought  to  cast 
and  practiqal  construction  features.  With  this  idea 
in  mind  I  have  taken  advantage  of  every  opportunity 


to  discuss  with  them  construction  problems  and  costs. 
In  order  to  obtain  an  even  more  representative  idea 
of  their  experiences  and  views  regarding  bitximinous 
base,  questionnaires  were  sent  to  well  known  concerns 
throughout  the  country.  Both  the  number  of  replies 
and  valuable  data  contained  in  them  greatly  exceeded 
expectations.  The  combined  activities  of  the  contrac- 
tors who  replied  cover  evciy  state  of  the  Union  as 
well  as  parts  of  Canada,  and  therefore,  can  be  safely 
considered  as  representing  the  general  attitude. 

Briefly,  the  experience  of  contractors  is  such  that 
they  are  willing  to  guarantee  "black  base"  as  readily 
as  concrete,  and  with  few  exceptions,  stat«d  that  less 
risk  was  attached  to  "black  base."  The  experience  of 
contractors  generally  has  been  decidedly  lower  main- 
tenance expense,  and  lower  first  cost  except  in  a  very 
few  instances  where  freight  rates  proved  to  be  an 
extraordinary  item.  Assuming  equal  depth  of  founda-- 
tion,  the  use  of  same  aggregate  materials  in  both  types, 
and  concrete  not  to  exceed  1 :2 :5  in  richness  of  mixture, 
90%  estimated  a  difference  in  initial  cost  of  from 
nothing  to  50  ct.  per  square  yard  less  for  "black  base" 
and  75%  estimated  "black  base"  at  from  25  to  50  cents 
per  square  yard  less  than  Portland  cepient  concrete. 
Since  it  is  true  that  under  similar  traffic  and  sub- 
grade  conditions,  less  depth  of  "black  base"  is  re- 
quired, it  will  be  readily  seen  that  rigid  foundations 
will  usually  cost  substantially  more  than  the  higliest 
type  of  flexible  base. 

One  contractor  said  that  during  the  past  14  years, 
85%  of  the  pavements  he  has  laid  have  been  upon 
flexible  foundations,  including  broken  stone,  macadam 
and  a  goodly  yardage  of  "black  base."  Certainly 
this  eontraebor's  experience  with  this  type  of  founda- 
tion has  proven  highly  satisfactory. 

The  only  objection  raised  to  "black  base"  construc- 
tion by  any  of  the  contractors  was  the  possibility  of 
idle  equipment  in  the  event  a  protracted  rainy  season 
was  encountered,  on  work  wfhere  the  subgrade  did  not 
drain  readily.  Undoubtedly  such  a  combination  of 
circumstances  would  delay  almost  any  kind  of  paving 
construction.  However,  it  is  quite  probable  that  it 
would  prove  more  serious  with  bituminous  work  than 
in  the  case  of  rigid  base.  If  it  is  known  that  such 
local  conditions  as  these  are  at  all  probable,  it  would 
seem  that  the  engineer  would  provide  for  such  a  con- 
tingency by  specifying  an  allernative. 

Conclusion 

In  summing  up  the  advantages  of  bituminous  con- 
crete foundation  it  is  thought  that  some  of  those  re- 
ferred to  in  previous  discussions  will  bear  repetition : 

1.  Because  of  greater  resistance  to  impact,  permits 
the  use  of  a  thinner  base  course  than  is  required  of 
the  rigid  types. 

2.  Provides  uniform  contact  with  the  subgrade,  thus 
insuring  greater  uniformity  of  load  distribution,  and 
precluding  the  necessity  of  relying  upon  the  pavement 
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structure   to  sustain   the   entire   force   of  the  traffic 
loading. 

3.  Provides  homogeneity  of  mass  and  positive  bond 
between  wearing  course  and  foundation  when  bitum- 
inous top  course  is  employed. 

4.  Provides  freedom  from  cracks,  upheavals,  and 
ruptures  which  are  common  to  rigid  types. 

5.  Insures  against  the  presence  of  moisture  in  the 
foundation  structure,  thus  prolonging  the  life  of  the 
pavement. 

6.  Does  away  with  the  long  period  of  time  required 
for  the  curing  of  concrete,  thus  permitting  the  open- 
ing  of   completed    work   to   traffic   immediately   and 


providing  a  greater  rapddity  of  turnover  to  the  con- 
tractor. 

7.  Permits  the  use  of  the  same  aggregate  materials 
as  are  ordinarily  employed  in  concrete  foundations, 
and  provides  decided  construction  economies. 

8.  Under  given  conditions  costs  substantially  less 
than  rigid  construction. 

9.  Maintenance  expense  is  less  than  for  rigid  pave- 
ments. • 

10.  May  be  easily  repaired  at  minimum  cost,  the 
surface  patch  method  being  applicable  except  in  the 
case  of  very  serious  defects. 


An  Analysis  of  Present  Highway  Traffic  and  a 
Prediction  of  Future  Highway  Traffic* 


By  JOHN  H.  IkfULLENf 

The  study  of  highway  traffic  has  been  made  neces-  respectively. 
sary  by  the  tremendous  increase  in  the  use  of  motor 
vehicles  in  this  country.  Within  less  than  15  years 
a  complete  revolution  of  highway  transportation  has 
taken  place,  changing  within  that  period  from  horse 
drawn  to  almost  entirely  motor  driven  traffic. 

Horse  drawn  traffic  is  still  an  element  to  be  con- 
sidered. 

On  account  of  the  small  percentage  of  horse  drawn 
vehicles  we  are  now  inclined  to  eliminate  them  from 
consideration  as  a  governing  factor  in  traffic  studies, 
but  as   an   obstacle  to  speed  and   consequently  as  a 
limitation  on  the  volume  which  may  be  carried  over 
a  congested  line  this  traffic  is  of  importance  and  calls 
for  thought  on  the  part  of  highway  engineers;  to  pro- 
vide some  relief  such  as  slow  traffic  lanes  along  the 
sides  of  heavy  traffic  roads.     Most  of  the  road  pave- 
ments in  this  country  have  been  built  16  to  18  feet 
wide    and   generally   without   shoulders   adequate   to 
carry  a   line  of  slow  moving  traffic.     When  one   of 
these  roads  carrying  a  small  number  of  horse  drawn 
vehicles  acquires  a  traffic  of  over  1,500  vehicles  per 
day  there  is  congestion,  decrease  of  speed  and  danger 
of  collision  on  account  of  difficulty  in  passing.     The 
decrease  in  horse  drawn  as  a  percentage  of  the  total 
traffic   has  been  very  rapid,  but  this  does  not  mean 
that  the  volume  of  horse  drawn  traffic  has  decreased 
in  like  proportion.     To  the  contrary  on  many  main 
roads  it  has  remained  practically  constant  and  in  some 
instances  has  increased.     As  a   typical   example,   on 
one  of  the  main  roads  in  Minnesota  the  average  daily 
traffic   count  for  the  four  past  years  shows  the  fol- 
lowing number  of  horse  drawn  vehicles  in  successive 
years,  17,  33,  35  and  38  per  day,  a  reasonably  constant 
number,  while  the  same  road  for  the  same  years  showed 
motor  vehicles  to  the  number  of  440,  501,  883  and  1,230 


*Paper  presented  at  the  annual  meeting  of  the  Ameri- 
can Association  of  State  Highway  Officials,  Omaha,  Neb., 
Dec.    5-8,    1921. 

t'Chief   Engineer.    Minnesota   Highway   Department. 


This  situation  would  not  exist  on  roads 
connecting  contiguous  industrial  centers  but  will  be 
found  to  be  fairly  general  in  agricultural  communi- 
ties, particularly  where  farms  are  small  and  horses  are 
required  for  other  farm  work.  In  other  words, 
throughout  the  United  States,  horse  drawn  traffic  will 
have  to  be  reckoned  with  as  a  m^inor  element  in  high- 
way transportation  for  many  years. 

The  remarkable  increase  in  the  number  of  motor 
vehicles  in  use  in  this  country,  has  brought  many 
benefits.  As  a  business  propo!3ition,  the  motor  vehicle 
has  increased  the  trade  radius  of  the  merchants  and 
has  made  possible  dairying  and  crops  requiring  quick 
marketing  on  great  areas  of  land  which  could  formerly 
be  utilized  only  for  grains  and  staple  crops.  It  has 
also  made  possible  the  de-centralization  of  smaller  in- 
dustries formerly  confined  to  restricted  districts  on 
account  of  slow  trucking,  but  which  now  are  enabled 
to  locate  in  suburban  territory.  It  is  predicted  that 
with  the  ihiprovement  of  roads  this  latter  condition 
will  be  developed  to  an  extent  that  will  greatly  im- 
prove the  living  conditions  of  industrial  workers. 

The  motor  vehicle  is  revolutionizing  the  social  life 
of  the  country.  Formerly  the  general  travel  radius 
on  roads  did  not  exceed  ten  miles  and  the  visiting 
radius  in  the  rural  districts  was  two  or  three  miles. 
The  trip  to  town  was  often  a  weekly  affair  taking  a 
whole  uncomfortable  day.  Barely  was  there  any  visit- 
ing between  towns  or  to  different  parts  of  the  country 
excepting  on  railroad  excursions.  But  with  the  ad- 
vent of  the  motor  vehicle  the  travel  radius  on  high- 
ways has  been  greatly  extended  and  is  now  limited 
only  to  the  condition  of  the  roads.  We  find  in  the 
lake  regions  of  Minnesota  during  the  summer,  cars 
from  nearly  every  state  in  the  Union;  the  census  at 
137  stations  in  the  State  during  1921  showing  an  av- 
erage daily  traffic  of  565  cars  of  which  59  or  more 
than  10  per  cent  were  from  other  states.  It  is  reason- 
able to  assume  that  not  less  than  another  25  per  cent, 
were  from  other  counties  within  the  State,  which  at 
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an  average  of  three  people  per  car  meant  at  least  600 
outside  \-isitors  per  day  passing  eaeli  recording  station. 
Practically  every  farmer  now  has  an  automobile  and 
in  the  rural  districts  of  the  middle  west  there  are 
farmers'  clubs  in  nearly  every  township,  made  pos- 
sible by  their  ability  to  attend  evening  meetings  witli- 
out  discomfort.  The  trip  to  town  is  now  a  relaxation 
of  an  hour  or  two  and  the  farmer's  family  makes 
several  drives  a  week  to  attend  tiie  movies  or  other 
diversions  in  neighboring  towns. 

One  of  the  greatest  benefits  is  through  the  con- 
solidation of  rural  school  districts  made  possible  by 
motor  transportation.  w*hich  is  giving  to  the  farm 
children  tliroughout  the  country  the  adA'antage  of 
graded  schools  without  having  to  move  to  the  cities. 
All  of  this  is  giving  us  a  broader  vicAV  of  life  and  creat- 
ing better  general  conditions,  but  at  the  same  time  is 
increasing  traffic  on  the  higiiways,  which  requires  ex- 
tensive programs  of  road  construction  and  mainten- 
ance. 

Increase  in  Number  of  Automobiles  Per  Capita 

From  sui-h  records  as  aie  obtainable,  it  appears 
that  the  increase  in  motor  traffic  is  very  nearly  in 
the  ratio  of  increase  of  motor  vehicle  registration. 
This  incease  in  the  United  States,  as  shown  on  the 
chart,  follows  a  rapidly  rising  curve,  starting  at  48,000 
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vehicles  in  1906,  running  to  500,000  in  1910  and  2,445,- 
665  in  1915.  From  1915  to  1920  the  increase  is  prac- 
tically uniform  at  the  rate  of  about  1,300,000  vehicles 
per  year,  with  a  total  registration  January  1,  1920  of 
7,565,446.  During  1920  there  was  an  increase  of 
1,666,495  vehicles,  making  a  total  registration  on  Jan- 


uary 1,  1921  of  9,231.941.  Registration  for  the  first 
six  months  of  1921,  as  reported  in  "Public  Roads"  is 
9,245,195 — which  would  indicate  a  considerable  fall- 
ing off  in  the  ratio  of  increase  of  cars  this  year.  This 
is  to  be  expected,  for  it  is  estimated  that  the  number 
of  ears  in  proportion  to  population  is  approaching  a 
reasonable  maximiun.  In  the  United  States  there  were 
42  persons  per  car  in  1915,  14  per  car  in  1919,  and  11 
persons  per  ear  in  1920.  The  1920  figures  range  from  a 
maximum  of  31  persons  per  car  in  one  of  tlie  southern 
states,  to  5  and  6  in  well  developed  agricultural  sec- 
tions; with  12  to  14  persons  per  car  in  the  indiistrial  sec- 
tions where  roads  are  praetica.lly  all  improved.  It 
may  .safely  be  predicted  that  tlie  number  of  automo- 
biles will  not  exceed  one  to  five  people  in  the  agricul- 
tural sections  and  one  to  ten  people  in  the  industrial 
sections  of  tlie  country,  even  under  the  most  prosper- 
ous conditions,  with  the  probability  that  there  may 
be  a  falling  off  in  ratio  during  times  of  depression,  for 
it  mu.st  be  admitted  that  prosperity  has  a  considerable 
bearing  upon  the  number  of  passenger  ears  in  the 
country. 
Commercial   TraflSc  Presents  Most  Difficult   Problem 

Seasonal  variation  in  traffic  as  shown  by  records 
would  indicate  that  probably  25  to  35  per  cent,  of 
that  on  tiic  main  lines  is  regular  and  may  be  classed 
as  business  or  necessary  traffic.  This  traffic  will  con- 
tinue to  use  the  existing  main  lines  and  would  not 
be  diverted  by  improvement  of  parallel  roads,  but 
the  balance,  which  may  be  classed  as  convenience  or 
pleasure  traffic  will  in  part  seek  other  routes  when 
the  main  lines  become  congested.  This  leads  one  to 
believe  that  a  considei-able  portion  of  the  traffic  will 
be  taken  care  of  by  parallel  roads,  and  excepting  for 
suburban  roads  and  routes  physically  confined  to  one 
line  between  centers,  the  volume  will  not  greatly  in- 
crease on  the  present  heavily  travelled  roads,  but 
vrill  be  spread  more  uniformly  over  parallel   routes. 

Commercial  traffic,  including  trucks  and  passenger 
busses  presents  the  most  difficult  problem  for  solution 
by  the  highway  official.  This  class  of  traffic  has  had 
a  marvelous  development  within  a  very  few  years,  but 
this  development  cannot  be  accurately  estimated  for 
the  reason  that  many  of  the  States  do  not  have  a 
separate  registration  for  trucks,  and  traflBc  counts  are 
scattering  and  not  uniform  enough  for  tabulation.  It 
is  estimated  that  tliere  were  approximately  988,000 
truclts  and  commercial  cars  registered  for  the  year 
1920,  or  slightly  over  ten  per  cent,  of  the  total  motor 
vehicles.  It  is  evident  from  observation  and  traffic 
counts  that  trucks  are  confined  more  to  cities  and  do 
not  use  the  rural  highways  in  proportion  that  auto- 
mobiles do  except  in  industrial  sections,  but  it  is  also 
very  evident  that  the  ratio  of  increase  in  the  number 
using  the  roads  is  greater  than  for  automobiles.  For 
example,  traffic  counts  taken  at  the  same  stations  on 
State  roads  in  Minnesota  show  daily  averages  for  1917 
(Continued  on   Page   90.) 
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TAX  EXEXflPTION  ON  ROAD  BONDS 

The  McFadden  resolution  recently  introduced  in  the 
House,  proposing  a  constitutional  amendment  abolish- 
ing tax  exemption  on  Federal,  state  and  local  public 
works  securities,  would  seriously  interfere  with  road 
construction  in  the  various  states  if  adopted.  This 
measure  is  sponsored  by  Secretary  of  the  Treasury 
Mellon  and  extensive  favorable  propaganda  for  it  is 
being  carried  on  by  the  daily  press.  Accordingly,  there 
.is  a  growing  disfavor  on  tbe  part  of  the  public  toward 
tax  exempt  public  works  securities.  As  far  as  we  are 
informed,  road  builders  have  not  yet  taken  cognizance 
of  this  proposed  legislation.  While  a  number  of  reso- 
lutions of  more  or  less  importance  were  adopted  at 
the  recent  convention  of  the  American  Road  Builders' 
Association  at  Chicago,  it  is  to  be  regretted  that  this 
important  matter  wa.s  overlooked. 

In  urging  the  adoption  of  this  amendment  to  the 
constitution.  Representative  McFadden  said:  "The  is- 
suance of  tax  exempt  securities  by  the  Government, 
the  states  and  their  political  subdivisions  makes  pos- 
sible the  creation  of  two  classes — the  wealthy,  free 
from  the  burdens  of  taxation,  and  the  workers,  who 
are  forced  to  bear  the  burden  of  which  the  wealthy 
are  relieved.  If  the  issuance  of  tax  exemipt  securities 
is  allowed  to  continue,  a  social  upheaval  will  occur 
whidh  may  be  so  far-readhing  in  its  effect  as  to  iinder- 


mine  our  constitutional  Grovemment.  It  has  been  es- 
timated that  approximately  $15,000,000,000  of  tax- 
exempt  securities  have  been  issued  by  the  Government, 
states  and  political  subdivisions.  Of  this  about  half 
represents  the  debt  of  states,  cities,  school  districts  and 
other  political  subdivisions,  while  the  balance  repre- 
sents the  obligations  of  the  Government." 

It  is  the  popular  thought  that  tax  exempt  road  bonds 
are  gobbled  up  as  fast  as  they  can  be  issued,  but  the 
fact  is  that  during  the  past  two  yeara,  states  and  coun- 
ties have  liad  considerable  difficulty  in  marketing  their 
bonds.  California,  Michigan,  Ohio  and.  other  states 
were  obliged  to  raise  their  interest  rates  on  road  bonds 
to  attract  buyers.  In  the  case  of  many  counties,  road 
work  was  seriously  hampered  because  of  inability  to 
market  bonds.  For  example,  St.  Louis  County,  Mis- 
souri, in  1921  received  a  bid  of  88.60  on  an  issue  of 
road  bonds,  but  was  unable  to  sell  them  because  the 
state  laws  prohibit  the  selling  of  road  bonds  at  less 
than  95. 

During  the  past  two  years  road  bonds  have  been 
marketed  only  with  great  difficulty  and  although  the 
market  is  now  greatly  improved,  the  abolition  of  tax 
exemption  on  these  securities  would  render  them  very 
difficult  to  market  even  under  normal  conditions.  For 
example,  the  State  of  Illinois  has  been  holding  $60,- 
000,000  of  road  bonds  for  several  years,  awaiting  a 
more  favorable  market.  If  these  bonds  are  made  tax- 
able, when  will  they  be  able  to  sell  them  ? 

It  may  appear  to  some  that  there  need  be  little  ap- 
pre/liension  that  this  constitutional  amendment  will  be 
adopted.  Yet  it  must  be  remembered  that  a  decade 
ago  national  prohibition  was  thought  by  most  persons 
to  be  next  to  impossible.  With  the  thousands  of  small 
income  tax  payers  in  this  country  lined  up  against  the 
relatively  few  who  can  evade  their  taxes  by  investing 
in  tax  exempt  securities,  what  will  be  the  result  ?  Pub- 
lic opinion  is  a  powerful  force  and  there  is  no  doubt 
but  that  there  is  a  growing  disfavor  against  the  tax 
evader  who  has  invested  in  exempt  bonds. 

The  rich  man  ought  not  be  able  to  evade  his  income 
tax  by  investing  in  exempt  bonds,  while  thousands  of 
hard  working  men  pay  a  considerable  part  of  their 
incomes  to  the  Government.  Yet,  in  our  opinion,  the 
unqualified  taxing  of  public  works  securities  is  not 
the  solution  of  the  problem,  for  it  would  inflict  too 
great  hardships  upon  the  financing  of  roads  and  other 
public  improvements.  Road  work  would  be  very  se- 
riously hampered  if  it  were  necessary  for  states  and 
counties  to  market  their  securities  on  a  competitive 
basis  in  the  open  market.  Would  it  not  be  better  to 
let  public  works  securities  remain  tax  exempt  and  limit 
the  amount  of  exemption  for  any  one  individual?  Thus, 
by  such  an  arrangement  the  value  of  tax  exemption 
as  an  aid  to  states  and  their  political  subdivisions  in 
marketing  their  bonds  wold  be  preserved  and  the  pos- 
sibility of  any  person  investing  all  his  money  in  exempt 
bonds  to  exade  his  income  tax  would  be  eliminated. 
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AN  ANALYSIS  OF  PRESENT  HIGHWAY  TRAFFIC 

AND  A  PREDICTION  OF  FUTURE 

HIGHWAY  TRAFFIC 

(Continued  Irom  Page  88.) 

of  463  automobiles  and  8  trucks,  while  for  1921  the 
average  is  1099  automobiles  and  72  trucks.  Reduced 
to  percentage  the  increase  in  autos  is  235  per  cent, 
•while  the  increase  in  trucks  is  900  per  cent.  These 
figun-s  are  taken  on  roads  which  were  not  substantially 
changed  as  to  surface  and  the  increase  is  not  due  to 
paving  or  other  influence  than  the  development  of 
tracking.  Professor  Blanchard  is  authority  for  the 
statement  that  practically  the  same  situation  exists 
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in  the  Eastern  states  but  of  course  in  much  greater 
volume,  and  cites  hard  surface  roads  in  Rhode  Island 
upon  which  automobile  traffic  increased  102  per  cent. 
in  the  past  six  years  while  the  truck  traffic  increased 
659  per  cent.  The  percentage  of  trucks  to  total  traffic 
is  also  comparable  in  both  of  these  cases,  in  Minnesota 
the  increase  being  from  1J4  to  6i/^  per  cent,  in  five 
years,  and  in  Rhode  Island  from  3  to  15  per  cent,  in 
six  years.  An  abstract  from  the  traffic  counts  made 
throughout  the  country,  indicates  that  practically  the 
same  ratio  of  increase  prevails,  and  that  the  ratio  of 
trucks  to  cars  comes  within  the  range  of  percentages 
above  stated,  which  is  an  indication  that  we  should  fig- 
tire  the  main  arterial  higways  to  carry  truck  traffic  in 
the  amount  of  about  10  per  cent,  of  the  total,  running 
up  to  20  per  cent,  or  better  on  main  arteries  connecting 
centers  within  50  miles  of  each  other,  and  not  less  than 
5  per  cent,  on  what  might  be  termed  passenger  trails. 
Observation  on  the  kinds  of  truck  traffic  are  inter- 


esting, and  contrary  to  the  general  impression  we  find 
that  the  heavy  truck  is  very  much  in  the  minority  and 
with  the  usual  exception  of  roads  connecting  neigh- 
boring cities,  the  5-ton  truck  does  not  average  more 
than  10  per  cent,  of  the  total  truck  traffic,  while  75 
per  cent,  of  the  trucks  are  2  tons  and  less.  It  is  to 
be  expected  that  truck  routes  up  to  50  miles  in  length 
will  have  an  increasing  number  of  5-ton  or  larger 
trucks,  but  up  to  the  present  time  and  in  the  near 
future  the  bulk  of  the  truck  traffic  is  what  may  be 
termed  express  rather  than  freight  and  can  be  hauled 
more  economically  in  the  lighter  trucks.  Furthermore, 
one  of  the  considerations  in  selecting  truck  sei-vice  in 
preference  to  railroad  service  is  speed  and.  the  con- 
venience in  the  pick-up  and  distribution  of  loads.  Which 
are  points  in  favor  of  the  lighter  truck.  A  bulletin 
was  recently  issued  by  the  Department  of  Agriculture 
dealing  with  motor  trucks  on  farms,  in  which  it  is 
stated  that  on  a  survey  of  753  farms  in  the  eastern 
states  it  is  found  that  the  farmers  own  trucks  of  all 
sizes  ranging  from  one-half  to  5-ton  capacity,  but 
that  nearly  half  of  the  trucks  used  on  farms  are  of 
the  one-ton  size  with  only  3  per  cent,  of  the  owners 
recommending  trucks  of  over  2-ton  capacity.  The 
same  condition  is  found  to  exist  in  the  middle  west 
where  farmers  at  a  considerable  distance  from  rail- 
road stations  are  using  trucks  quite  extensively  and 
in  practically  all  cases  are  selecting  2-ton  trucks  or 
smaller  on  pneumatic  tires.  The  extent  to  which  this 
traffic  may  grow  is  dependent  almost  entirely  upon  the 
improvement  and  systematic  maintenance  of  roads, 
for  a  steady  traffic  or  20  trucks  per  day  regardless  of 
weather  conditions,  is  more  injurious  to  an  earth  or 
gravel  road  than  automobile  traffic  averaging  300  ears 
per  day. 

Commercial  Trucking 

Commercial  trucking  of  commodities  outside  of  cities 
has  developed  somewhat  blindly  and  it  is  found  that 
this  service  has  not  been  generally  profitable  to  the 
truck  owner  except  where  the  entire  length  of  the  route 
traversed  is  hard  surfaced.  As  an  example,  a  terminal 
truck  service  was  established  three  years  ago  at  the 
Twin  Cities  in  Minnesota  and  in  the  second  year  25 
companies  were  operating  through  this  agency  over 
all  kinds  of  roads.  Of  this  number,  seven  have  dis- 
continued business  on  account  of  poor  sections  of  road 
On  their  routes,  the  remaining  eighteen  companies  are 
continuing  to  do  business  in  a  more  or  less  profitable 
way  dependent  upon  the  proportion  of  good  roads  on 
the  lines  they  cover.  This  service  has  been  conducted 
practically  the  same  as  railroad  service  with  regular 
tariff  sheets  for  the  various  lines  and  with  cargo  in- 
surance in  all  cases.  An  attempt  was  made  to  operate 
trucks  on  a  time  schedule  but  this  was  found  prac- 
tically impossible  on  account  of  weather  conditions  and 
unfinished  sections  of  road  which  prevented  hauling 
at  certain  times.     The  interesting  feature  to  engineers 
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in  analyzing  this  service  is  that  the  trucking  com- 
panies find  two  and  three  ton  units  on  pneumatic  tires 
to  be  the  economical  size.    A  chart  of  the  rates  as  com- 


180 

r~ 

/ 

/ 

/ 

* 

'V 

\'>f\ 

4t 

/ 

r 

lAA 

/ 

^ 

/ 

4 

'f 

\ 

/ 

Y 

oO 

/ 

Cf\ 

-<.° 

t 

r 

:? 

^ 

5 , 

At\ 

f 

^ 

►•s: 

^ 

y 

^ 

^ 

9/1 

-*  f 

n 

20 


40  60 

MILES 


80 


100 


pared  with  first  class  freight  rates  for  less  than  carload 
lots  and  first  class  express  rates  sbows  that  the  auto 
tranportation  rates  while  about  100  per  cent,  above 
the  freight  rate  is  only  50  per  cent,  of  the  express  on 
the  short  haul  but  for  the  longer  haul  the  ratio  of 
difference  between  freight  and  auto  increases  and  be- 
tween auto  and  express  decreases,  showing  that  the 
unrestricted  use  of  public  highways  for  commercial 
trucking  works  very  much  to  the  disadvantage  of 
railroad  express  business  for  distances  up  to  about  100 
miles.  For  short  haul  freight,  when  taking  into  ac- 
count the  terminal  trucking,  the  auto  transportation 
will  relieve  the  railroads  of  what  they  have  always 
claimed  to  be  an  unprofitable  business  and  this  at  a 
decreased  cost  to  the  public.  In  this  connection  it 
is  interesting  to  note  the  reported  statement  of  officials 
of  a  railroad  company  in  New  England  that  the  rail- 
road loses  one  million  dollars  a  year  in  freight  reve- 
nues On  the  shoe  industry  alone  as  a  direct  result  of 


motor  truck  competition  and  that  some  of  the  small 
branch  lines  in  the  industrial  sections  of  New  England 
have  been  abandoned  by  reason  of  their  inability  to 
meet  motor  truck  competition. 

Motor  Bus  Service 

So  far  as  traffic  is  concerned  motor  bus  service  may  be 
included  as  trucking,  for  most  of  the  busses  are  IV^- 
and  2-ton  high  speed  trucks.  This  bus  service  is  be- 
coming quite  general  throughout  the  country  and  is 
conducted  profitably  during  favorable  weather  at  rates 
slightly  less  than  railroad  passenger  rates.  We  find, 
however,  that  there  is  a  decided  falling  off  in  the  motor 
passenger  business  during  bad  weather  and  in  winter. 
Continuous  bus  service  is  only  established  on  long  sec- 
tions of  surfaced  roads,  and  with  the  paving  or  even 
gravelling  of  connecting  lines  of  travel  we  may  ex- 
pect a  substantial  deveilopment  of  this  traffic  with  its 
consequent  effect  upon  the  railroad  passenger  business. 

It  is  very  evident  that  in  fairness  to  the  tax-paying 
public  and  the  railroads  there  must  be  a  State  super- 
vision of  commercial  use  of  the  highAvays,  and  that 
taxes  on  gross  earnings  sihould  be  imposed  for  this 
privilege,  or  at  least  that  more  equitable  motor  ve- 
hicle taxes  be  fixed  for  such  use  of  the  roads  with  all 
revenue  made  available  for  road  purposes.  It  is  only 
reasonable  that  commercial  traffic  should  carry  its  share 
of  road  expense  and  that  the  State  should  prohibit  the 
commercial  hauling  of  passengers  or  commodities  on 
public  highways  except  by  reasonable  concerns  bonded 
and  supervised  by  the  State. 

Study  and  Reguilation  of  Traffic  Necessary. 

As  stated  with  reference  to  horse  draAvn  traffic,  the 
volume  which  a  given  road  may  carry  is  governed  very 
largely  by  the  manner  in  which  traffic  is  handled. 
Practically  ,all  State  laws  now  prescribe  a  maximum 
speed  Umit  of  25  miles  per  hour  with  no  reference  to 
minimum  speed.  To  properly  handle  traffic  the  maxi- 
mum on  heavy  passenger  lines  should  be  increased  to 
40  miles  per  hour  for  certain  hours  of  the  day  with 
a  requirement  that  traffic  must  stop  on  the  intersecting 
lines  before  crossing  or  entering  the  main  line,  and 
there  should  be  a  minimum  speed  limit  on  main  lines 
of  25  miles  per  hour  during  these  hours.  It  will  be 
found  that  roads  which  now  appear  to  be  congested 
will  very  easily  handle  their  traffic  within  these  limits, 
and  there  is  no  reason  why  the  minimum  rate  of  speed 
should  not  be  imposed  for  at  least  a  12-hour  period 
from  about  8  in  the  morning  until  the  sa;me  hour  in  the 
evening.  This  will  take  care  of  the  peak  load  of 
passenger  and  light  express  business  and  will  cause  the 
slow  heavy  trucking  to  be  handled  during  the  night 
when  there  will  not  be  interference  on  either  side. 
This  and  other  effective  traffic  regulation  calls  for  a 
State  system  of  traffic  police,  the  value  and  efficiency 
of  which  has  been  well  demonstrated  in  the  State  of 
Pennsylvania. 

Highway  engineers  and  most  truck  manufacturers 
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•rr  practically  agrf^d  upon  an  economical  limit  of 
weijrht  of  vehicles  and  wheel  loads  for  public  high- 
ways. This  is  expressed  in  the  proposed  uniform  traf- 
fic law  adopted  by  the  American  Association  of  State 
Highway  Officials  and  wliicli  has  been  incorporated 
in  the  highway  laws  of  several  of  the  States,  but  in  all 
localities  we  find  an  occasional  trucking  company  or 
track  manufacturer  using  excessively  heavy  vehicles. 
If  tWs  were  allowed  to  continue  the  public  would  bo 
called  upon  for  an  unwarranted  expense  to  rebuild 
roads  destroyed  by  that  small  portion  of  traffic  and  it 
is  therefore  extremely  important  that  a  uniform  limit 
be  established  throughout  all  of  the  States  and  this 
limit  should  be  well  within  the  maximum  prescribed 
in  the  proposed  traffic  law. 


In  making  a  study  of  highway  traffic  one  is  im- 
pressed by  the  lack  of  definite  comprehensive  informa- 
tion on  the  subject  and  the  conclusion  is  tliat  in  every 
highway  department  there  should  be  an  engineer  as- 
signed to  traffic  surveys.  These  surveys  sihould  be 
made  in  a  somewhat  uniform  manner  in  all  of  the  States 
and  the  results  compiled  for  the  whole  country  by  the 
Bureau  of  Riblic  Roads.  The  highway  departments 
are  not  organized  primarily  for  the  pui-pose  of  moving 
dirt  and  building  pavements,  but  in  performing  their 
real  function  in  the  development  of  the  eouiitiy  they 
are  in  fact  great  traffic  departments  designed  to  pi-o- 
vido  means  of  carrying  the  tremendous  volume  of  high- 
way transportation  and  to  properly  do  this  work  the 
systematic  stud^  of  highway  traffic  is  essential. 


Paving  Widths  for 

Large 

Uj   WILIil.^M  F. 

According  to  the  government  census  of  1920,  we 
•have  in  the  United  States  today  12  cities  with  a  pop- 
ulation in  excess  of  500,000  people  and  56  with  a  pop- 
ulation between  100,000  and  500,000. 

A  large  percentage  of  the  more  heavily  populated 
cities  today  have  hard  surfaced  highways  radiating 
outward  from  their  corporate  limits  that  are  entirely 
inadequate  to  handle  traffic  because  of  their  narrow- 
ness. 

This  is  not  due  to  a  lack  of  foresight  in  most  cases 
on  the  part  of  highway  engineers,  but  due  mainly  to 
the  fact  that  these  communities  are  not  in  a  position 
to  finance  the  building  of  a  highway  to  a  greater  width. 

In  choosing  the  proper  width  to  construct  a  new 
highway  or  to  widen  an  old  one,  it  is  sometimes  quite 
difficult  to  determine  what  width  is  proper.  We  have 
to  consider  first  of  all  the  amount  of  traffic  it  takes 
before  construction  together  with  the  expected  in- 
crease it  will  afterwards  be  called  upon  to  take.  It 
may  be  that  in  succeeding  years  adjacent  and  parallel 
highways  will  be  built  and  a  certain  portion  of  traffic 
will  be  diverted  over  them. 

In  starting  construction  at  the  limits  of  a  city  that 
part  of  the  highway  through  the  outlying  districts 
often  requires  a  greater  width  than  that  further  on, 
due  to  a  greater  traffic  on  account  of  conditions  being 
similar  to  city  conditions  and  being  more  heavily  pop- 
ulated than  portions  of  the  highway  further  on. 

In  these  communities  it  is  well  to  take  the  future 
growth  or  expansion  of  the  city  into  account  and  plan 
accordingly,  adopting  the  proper  alignment  and  grades 
so  as  to  afterwards  conform  to  the  grades  and  align- 
ment of  future  intersecting  streets.  Drainage  struc- 
ture should  also  be  planned  with  this  end  in  view. 

•Paper  presented  at  Nineteenth  Annual  Convention  of 
the  American   Road  Buildera'  Association. 

tCotinty  Hiirhwav  Comoiissioner,  Mllwau1<ee  County, 
Wisconsin 


Highways  Serving 
Cities* 

CAVAXACtiHt 

In  the  event  that  a  highway  is  to  be  paved  twenty 
feet  wide  with  the  intention  of  later  increasing  this 
width  it  is  well  to  construct  the  20-ft.  width  to  conform 
to  the  center  line  of  the  right  of  way  and  not  make 
the  mistake  that  some  communities  have  in  building 
along  the  old  roadbed  which  deflected  here  and  there 
from  the  center  line.  The  main  idea  of  course  in  so 
doing  was  to  cut  down  on  the  grading  cost  and  ob- 
tain a  more  solid  foundation.  Aftei-wards  when  these 
territories  build  up  and  the  traffic  increase.s  it  becomes 
necessary  to  widen  the  roadbed  and  it  cannot  be  uni- 
formly widened  on  each  side  and  the  result  is  the 
proper  crown  cannot  be  obtained  on  the  new  road  and 
there  is  not  a  uniform  sidewalk  space.  Additional 
right  of  way  has  to  be  purchased. 

An  18  or  20-ft.  highway  is  especially  hazardous  for 
pedestrians  at  night  time  where  highways  close  to 
the  city  are  not  illuminated.  Most  states  have  regula- 
tions regarding  automobile  headlights  but  the  lack  of 
illumination  has  been  the  cause  of  a  great  many  acci- 
dents where  autoists  have  run  into  and  injured  or 
killed  pedestrians.  We  have  some  of  our  highway 
in  Milwaukee  County  illuminated  and  expect  to  con- 
tinue this  work  each  year.  We  are  using  ornamental- 
concrete  poles  witli  the  })r'acket  lijrht  and  the 
cables  laid  underground.  Unless  these  lights  are  ele- 
vated to  a  height  of. at  least  25  feet  there  is  a  very 
noticeable  glare  on  the  eyes  of  the  passing  motorist. 

Most  of  our  16-ft.  roads  today  are  inadequate  espe- 
cially so  when  there  is  any  amount  of  truck  traffic  and 
the  major  portion  of  our  highways  are  being  con- 
structed 18  to  20  ft.  wide.  Tliis  width  suffices  to  care 
for  two  lines  of  traffic.  Some  consideration  should  be 
given  to  the  matter  of  constructing  a  30  ft.  width 
which  does  not  provide  for  more  than  three  lines  of 
traffic.  We  often  speed  up  to  pass  the  ear  in  front  and 
doing  so  may  frequently  meet  another  driver  doing  the 
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same  thing  coming  towards  us  and  the  result  is  a 
head-on  collision  in  the  center.  It  almost  seems  that 
in  providing  increased  widths  we  should  provide  for 
either  two,  four  or  six  lines  of  traffic. 

I  believe  the  use  of  a  curb  is  warranted  on  wider 
roadways  as  the  fills  do  not  have  to  be  constructed  as 
wide  and  the  shoulder  width  can  be  cut  down  espe- 
cially through  the  cuts,  doing  away  with  ditching;  the 
drainagi'  structni'cs  do  not  have  to  l)e  built  as  wide 
and  less  right  of  way  is  necessary.  It  is  clearly  not 
good  engineering  to  provide  either  inadequate  or  ex- 
travagant widths  and  it  is  often  the  ease  that  a  pave- 
ment 3  or  4  ft.  narrower  than  the  one  laid  would  servo 
all  the  purposes  of  tlie  widci-  one  or  an  additional  3 
or  4  ft.  to  a  pavement  along  a  highway  especially  with 
a  ear  line  will  provide  for  two  extra  lines  of  traffic. 
Pavements  arc  expensive  to  lay  and  should  tliercfore 
be  only  sufficient  to  provide  for  traffic  needs  during 
the  life  of  the  surfacing. 

Tlie  blind  acceptance  of  right  of  way  widths  irre- 
spective of  the  various  uses  to  which  streets  are  being 
put  is  especiaiUy  unwarranted  in  the  outlying  parts 
of  the  city  where  houses  are  just  beginning  to  be  built 
and  where  the  widening  of  main  lines  of  travel  would 
be  comparatively  cheap. 

Experience  the  world  over  teaches  us  that  the  old 
highways  mu.st  be  widened  when  the  opportunity  arises 
but  a  community  without  a  definite  plan  or  program 
lets  these  opportunities  for  widening  pass  by. 


PENNSYLVANIA  STATE  COLLEGE 

OFFERS  CORRESPONDENCE  COURSES 

In  order  to  provide  men  the  state  needs  for  highway 
work,  tlie  Pennsylvania  State  College  engineering  ex- 
tension department,  which  now  reaches  moi'e  than 
7.000  workmen  over  the  state  in  industrial  training 
work,  has  prepared  and  is  now  offering  a  course  in 
highways.  It  is  especially  adapted  to  the  man  now 
engaged  on  liighway  construction  or  maintenance  so 
that  he  can  take  it  while  he  is  on  his  job.  especially 
during  the  winter  months  when  work  is  at  low  tide. 
It  is  so  arranged  tliat  an  ambitious  student  can  cover 
the  work  after  activities  close  in  the  fall  and  before 
they  open  in  the  spring. 

X.  C.  Miller,  head  of  the  engineering  extension  de- 
partment at  the  college,  announces  that  tliis  course  is 
probably  tlie  first  one  of  its  kind  tliat  lias  been  made 
available  to  all  people  interested  in  one  of  the  most  im- 
portant problems  of  the  present  time.  Great  interest 
has  been  manifested  in  the  coui'se  though  it  has  been 
available  for  only  a  few  weeks.  To  the  young  man 
who  intends  to  enter  college  at  a  later  date,  it  has  the 
added  attraction  that  the  College  gives  cre'dit  for  this 
course  toward  a  college  degree  in  engineering. 

For  those  interested  in  the  study  of  highway  prob- 
lems, Mr.  Miller  says  that  the  course  can  be  taken 
either  by  correspondence,  when  the  men  are  by  them- 
selves at  home,  or  at  an  isolated  construction  camp. 


or  classes  can  be  arranged  where  tihere  arc  a  num- 
ber of  men  studying  in  the  same  community.  Ques- 
tions will  be  asked  in  the  course  and  problems  worked 
out  on  paper  by  the  students  and  corrected  by  the 
faculty  of  the  college. 

A  number  of  road  building  contractors  in  the  east- 
ern part  of  the  state  have  interested  their  employees 
in  the  college  proposition,  and  assistance  in  advising 
the  men  of  the  opportunity  has  been  given  by  the 
State  Highway  Department. 

The  course  calls  attention  to  the  administration,  leg- 
islation and  organization  of  highway  work  in  state, 
county  and  city.  Training  in  surveying  and  mapping 
is  given  to  meet  the  requirements  of  the  usual  run  of 
work.  Etaphasis  is  put  on  the  importance  of  grading 
and  drainage  as  related  to  the  different  kinds  of  coun- 
try encountered.  As  about  90  per  cent  of  the  high- 
ways of  this  country  are  made  of  clay,  sand  and  gravel, 
these  roads  are  particularly  studied  in  this  course, 
which  should  lead  to  more  economical  construction  and 
maintenance  as  well  as  better  roads  of  these  materials. 
Dust  prevention  receives  its  share  of  attention  and  all 
manner  of  road  building  materials,  their  advantages 
and  disadvantages  are  considered  thoroughly.  High- 
way structures,  street  cleaning,  snow  removal,  side- 
walks, curbing  and  gutters  are  also  considered,  as  well 
as  tests  of  highway  materials. 


MUCH  HIGHWAY  CONSTRUCTION 

WAS  COMPLETED  IN  DECEMBER 

December  vdth  its  snows  and  wintry  weather  is  not 
the  best  month  of  the  year  for  building  roads,  yet  dur- 
ing last  December  there  were  completed  1,155  mi.  of 
federal  highways  under  the  supervision  of  the  Bureau 
of  Public  Roads,  United  States  Department  of  Agricul- 
ture. The  mileage  is  represented  in  roadways  that  were 
nearing  completion  ais  winter  started  and  were  finished 
during  the  month. 

In  addition,  according  to  a  compilation  just  completed 
by  the  department,  considerable  progress  was  made  to- 
ward the  completion  of  15,834  mi.  more  of  highways 
still  under  construction.  At  the  end  of  November  these 
roadways  were  68  per  cent  complete;  at  the  end  of  De- 
cember they  were  70  per  cent  finished.  Work  on  the 
uncompleted  projects  is  going  on  as  fast  as  weather 
conditions  and  other  factors  permit.  On  some  of  the 
roads,  which  lie  in  the  southern  states,  considerable 
progress  is  being  made.  Others,  situated  in  more  rigor- 
ous climates,  show  less  advancement. 

Up  to  the  first  of  the  year  there  had  been  completed, 
under  the  supervision  of  the  department,  12,907  mi.  of 
Federal-aid  highways  during  the  five  years  that  the 
work  has  been  in  progress.  The  total  estimated  cost  of 
the  12,907  mi.  of  completed  highways  was  $221,739,710, 
of  which  $95,054,184  was  federal-aid  funds,  the  remain- 
der of  the  expense  being  borne  by  the  states.  The  esti- 
mated cost  of  the  15,834  mi.  of  federal-aid  roads  under 
construction  January  1  is  $275,652,104,  of  which  the 
Federal  Government  will  pay  $117,049,690. 
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MEETINGS 

Calendar  of  Coming  Meetings 

Feb.  12-17— Conference  on  Highway  Engineering.— 
Eighth  Annual  Conference,  University  of  Michigan,  Ann 
Arbor,  Mich. 

Feb.  21-22 — Kentucky  Association  of  Highway  Con- 
tractors— Annual  meeting,  Louisville,  Ky.  Secretary, 
D.  R.  Lyman,  Louisville,  Ky. 

June  4-6 — American  Association  of  Engineers — An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary,  C.  E. 
Drayer,  63  E.  Adams  St.,  Chicago,  111. 

June  26-July  1 — American  Society  for  Testing  Mate- 
liaia — TSventy-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C..L.  Warwick,  Engineers'  Club  Bldg.,  Phila- 
dephia,  Pa. 


NATIONAL  HIGHWAY  TRAFFIC  ASSOCIATION 

A  public  meeting  of  the  National  Highway  Traffic 
Association  -vnll  be  held  on  Feb.  14  at  8  p.  m.  at  the 
Automobile  Club  of  America,  N.  Y.  City.  The  sub- 
jects for  discussion  arc  as  follows:  Adeqiiate  Parking 
Facilities  for  Passenger  and  Commercial  Motor  Ve- 
hicles; Segregation  of  Slow  Moving  Traffic;  Belief 
Measures  for  Terminal  and  Ferry  Congestion. 


NATIONAL  SLAO  ASSOCIATION 

The  annual  meeting  of  the  National  Slag  Association 
wag  held  on  Jan.  28  and  the  following  officers  elected : 
president,  L.  A.  Beeghly,  Standard  Slag  Co.,  Cleveland, 
0. ;  vice-president,  C.  E.  Ireland,  Birmingbam  Slag  Co., 
Birmingham,  Ala. ;  secretary-treasurer,  H.  J.   Love. 


POBTLAin)  CEMENT  OUTPUT  IN  DECEMBER 

The  production  of  finished  portland  cement  in  the 
United  States  in  December,  1921,  was  appi-oximately 
6,559,000  barrels.  As  compared  with  the  production 
in  November,  8,921,000  barrels,  this  represents  a  de- 
crease of  2,362,000  barrels.  A  seasonal  decline  was  to 
be  expected,  and  though  the  production  in  December, 
1921,  was  less  than  in  December,  1920,  it  was  about 
14  per  cent,  more  Uian  the  average  for  December  from 
1917  to  1921.  The  production  in  1921,  98,293,000  bar- 
rels, wa.s  over  98  per  cent,  of  that  in  1920,  and  was 
greater  than  that  for  any  other  year  except  1920. 

The  shipments  in  December,  following  the  usual 
trend,  showed  a  decrease  from  tho.se  in  November.  The 
movement  in  December,  3,697,000  barrels,  was  over  9 
per  cent,  greater  than  that  in  December,  1920,  but  was 
slightly  below  the  average  for  December  during  the  last 
five  years.  The  shipments  made  during  the  last  half 
of  1921,  54,976,000  barrels,  were  approximately  the 
same  as  those  made  during  the  last  half  of  1920.    The 


total  shipments  in  1921,  about  95,051,000  barrels,  were 
nearly  99  per  cent,  of  those  in  1920. 

Stocks  of  about  11,938,000  barrels  of  finished  cement 
were  in  the  hands  of  the  manufacturers  at  the  end 
of  1921,  as  compared  with  8,941,046  barrels  at  the  end 
of  1920.  This  total  exceeded  the  average  stocks  in 
hand  at  the  end  of  the  year  from  1917  to  1921  by  over 
27  por  cent.  From  April  until  October  stocks  of  fin- 
ished cement  decreased  steadily,  but  in  November  and 
December  they  increased.  Stocks  are  usually  accumu- 
lated during  the  colder  months  in  anticipation  of  the 
large  requirement  in  the  months  of  active  demand. 


PERSONAL  MENTION 

W.  E.  Sarver  has  been  appointed  City  Engineer  of 
Canton,  0. 

Joseph  M.  Tracy  has  resigned  as  city  engineer  of 
Ogden,  Utah. 

C.  J.  Tilton  has  resigned  as  Town  Engineer  of  Phil- 
lipsburg,  N.  J. 

\V.  S.  Craven  has  been  appointed  City  Engineer  of 
Ogden,  Utah. 

0.  P.  Thomas  has  been  elected  Borough  Engineer  of 
Conemaugh,  Pa. 

H.  W.  Mixell  has  been  appointed  Town  Engineer  of 
Phillipsburg,  N.  J. 

John  A.  Guiley  has  been  appointed  Construction  En- 
gineer of  Canton,  0. 

Arthur  B.  Roberts  has  been  appointed  Director  of 
Public  Works,  Cleveland,  0. 

C.  R.  Goodrich  has  been  appointed  Commissioner  of 
Public  Works  of  Utica,  N.  Y. 

A.  E.  Doucet  has  resigned  as  Director  of  Public 
Works  of  Montreal,  Que.,  Canada. 

Oscar  A.  Piper  has  been  appointed  Superintendent 
of  Streets  and  Sewers  of  Seattle,  Wash. 

Frank  L.  Gibbony,  formerly  City  Engineer  of  Roa- 
noke, Va.,  died  recently  at  Charlotte,  Va. 

Jame.s  Costello  has  been  appointed  Division  Road 
Engineer  in  Allegheny  County,  Pennsylvania. 

Luther  G.  Zerbe  has  resigned  as  Superintendent  of 
Streets  of  Canton,  0.,  to  enter  private  practice. 

G.  P.  Graham,  formerly  Deputy  City  Engineer  of 
Albany,  K-  J-,  has  been  appointed  District  Engineer 
by  the  Asphalt  Association,  with  headquarters  at  Al- 
bany. 

H.  R.  Helland,  has  resigned  as  City  Engineer  of  Wax- 
ahachie,  Tex.,  to  enter  into  partnership  with  his  father, 
who  was  formerly  City  Engineer  of  San  Antonio. 
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Concrete  Roads 
must  be  Reinforced 

It  is  demonstrated  beyond  doubt  that  to 
make  concrete  roads  proof  against  heavy  motor 
traffic,  weather  and  time  a  fabric  of  steel 
must  be  incorporated  in  the  concrete. 

Several  great  States  have  so  ruled. 
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IF  dependable,  no-deiay,  never-quit 
mixer  performance  is  the  greatest 
profit  factor  you  can  put  on  the 
job  —  as  beyond  question  it  is — 
then  the  greatest  value  you  can  buy 
in  a  mixer  is  Koehring  experienced 
engineering  and  Koehring  heavy 
duty  standards  in  design  and  con- 
struction— Koehring's  downright  re- 
fusal to  compromise  in  any  detail  at 
your  risk  of  time  and  profit  losses. 

KOEHRING  CAPACITIES 

Pav^rm:  7.  10,  H,  21,  32  cu.  ft.  capacities  mixed  con- 
Crete,  steam  and  gasoline.     Write  for  catalog  P  9i 

Comairudion  Mixmrs:  10.  14,  21.  Z8  cu.  ft.  mixed 
concrete,  steam  and  gasoline.   Write  for  catalog  C  9. 

Datuiimt  A  light  staunch  mixer  for  footings,  culverts, 
foundations,  etc.  4  and  7  cu.  ft.  mixed  concrete, 
steam  and  gasoline.  Power  charging  skip,  low  charging 
pUcform,  DBtch  hopper,  light  duty  hoist.  Write  for 
otalog  D  9. 
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Resume  of  Cooperative  Road  Improvement 

and  Future  Policies* 


By    THOMAS   H.   MacDONAI^Df 


We  comprehend  now  as  we  have  not  understood  in  the 
past,  the  influence  exerted  upon  our  national  life  by 
transportation.  It  is  the  factor  we  find  now  interposed 
between  supply  and  demand,  between  the  starving  thou- 
sands and  food  supplies,  between  producer  and  con- 
sumer. It  is  the  factor  whose  absence  separates,  and 
whose  presence  ties  together  communities.  States,  and  the 
nation  as  a  whole.  To  supply  adequate  and  increased 
transportation  facilities  is  the  motive  which  has  influ- 
enced the  American  people  to  increase  the  number  of 
motor  vehicles  in  use  since  1910  more  than  1800  per 
cent.  To  provide  the  complement  of  the  motor  vehicle, 
the  improved  highway,  is  the  underlying  reason  why 
the  larger  funds  have  been  made  available  from  State 
and  Federal  sources.  The  proper  combination  of  these 
two  serve  a  definite  purpose  in  the  nation's  economy — 
this  is  highway  transportation  in  the  making. 

More  enlightening  than  any  statistical  quotation  is 
the  graphic  picture  of  motor  vehicle  registration  and 
highway  funds.  The  widespread  opposition  to  state  pro- 
grams of  highway  building  during  the  years  from  1910 
to  1916  when  motor  vehicles  were  pyramiding  at  an  un- 
foreseen rate,  the  increased  funds  made  available  fol- 
lowing the  Federal  Aid  Act  of  1916,  the  stagnation  of 
actual  expenditures  during  1917  and  1918,  the  compe- 
tition of  industry  of  1919  for  materials,  labor,  and  even 
more  important,  for  rail  transportation, — aU  these  have 
played  a  major  part  in  producing  the  wide  difference 
between  the  improved  highways  demanded  by  9,300,000 
motor  vehicles  and  the  actual  new  mileage  constructed. 

The  record  for  1920  and  1921  is  better,  but  let  each 
State  highway  department  make  plain  to  the  people  of 
its  State  that  for  less  than  three  years  of  the  past  five 
since  large  funds  became  available,  have  conditions  per- 


•Paper  presented  at  the  annual  meeting  of  the  American 
Association  of  State  Highway  OfiBcials. 

tChief,  Bureau  of  Public  Roads,  U.  S.  Department  of  Agri- 
culture. 


mitted  highway  construction  of  an  increasing  scale.  The 
facts  which  are  true  of  construction  are  true  also  of 
maintenance. 

The  chartered  figures  of  expenditures  are  not  exact, 
yet  such  error  as  exists  lies  principally  in  those  funds 
which  are  raised  and  used  locally  and  which  do  not 
reach  the  principal  highways  or  result  in  more  than 
haphazard  repairs  of  local  roads.  For  the  past  several 
years,  since  every  State  has  had  a  highway  department, 
the  figures  are  substantially  correct  as  to  all  funds  which 
are  a  factor  in  this  discussion. 

The  conclusions  are  self-evident. 

1.  During  the  period  1910-1921,  the  potential  num- 
ber of  motor  vehicles  demanding  highway  service  in- 
creased more  than  1800  per  cent.;  our  actual  expendi- 
tures for  construction  and  maintenance  increased  about 
400  per  cent. 

2.  During  the  period  1910-1918,  motor  vehicles  in- 
creased more  than  1100  per  cent.,  highway  expenditures 
about  140  per  cent. 

3.  During  the  period  1918-1921,  motor  vehicles  in- 
creased about  700  per  cent.,  and  highway  expenditures 
about  260  per  cent,  of  the  1910  figures. 

But  even  these  figures  do  not  truly  represent  the  dif- 
ferential between  the  demands  for  highway  service  and 
our  actual  production.  Without  attempting  impossible 
refinements,  if  the  cost  index  of  1918  be  taken  at  two 
and  that  of  1910  at  one,  the  actual  increase  in  produc- 
tion of  1918  over  1910  was  only  20  per  cent.,  and  if  the 
index  for  1921  is  taken  at  1}4,  the  actual  increase  in 
production  of  1921  is  only  about  233  per  cent,  over  the 
1910  figure.  That  is,  taken  as  a  national  aggregate,  the 
number  of  motor  vehicles,  all  at  least  potential  users  of 
the  highways  in  some  degree,  has  increased  in  eleven 
years  since  1910  more  than  eighteen  times.  Our  greatest 
annual  production  of  serviceable  highways  measured  by 
the  construction  and  maintenance  expenditures  has  been 
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not  more  than  two  and  one-third  times  the  production 
of  1910,  and  it  has  been  only  within  the  past  three  years 
only  that  production  has  gone  forward  at  a  rate  ap- 
proximating the  maximum. 

It  seons  to  me  a  duty  as  well  as  a  very  great  privi- 
lege to  bring  before  you  this  viewpoint,  clearly  defined 
against  the  background  of  fact,  of  our  progress  in  the 
development  of  highway  transportation  and  of  the  rela- 
tionship of  the  highway  organizations.  State  and  Fed- 
eral, to  this  development. 

Those  who  are  a  part  of  these  organizations  have  the 
good  fortune  to  be  engaged  in  their  chosen  field  when 
the  greatest  development  that  can  ever  come  is  taking 
place.  The  first  two  or  three  yeare  of  something  more 
than  a  decade  of  major  road  building  have  passed.  What 
has  gone  before  has  been  largely  preparatory — a  period 
of  organization.  What  will  come  after, — perhaps  ten, 
perhaps  fifteen  yeai-s  later, — must  by  then  be  largely 
standardized,  largely  routine.  The  highway  organiza- 
tions that  come  after  will  not  have  such  opportunities  to 
render  good,  or,  equally  true,  bad  service,  or  be  able  to 
progress  so  far  in  a  limited  time  in  advancing  highway 
engineering  and  administration,  and  in  combining  the 
motor  vehicle  and  improved  highways  into  scientific 
highway  transportation. 

This  body  of  individuals  and  their  associates  will  de- 
termine the  efficiency  of  the  highway  systems  of  the 
future.  Are  you  accepting  the  responsibility?  Do  you 
■ay  to  yourself,  seriously  and  thoughtfully,  "Upon  my 
efforts  in  a  large  degree  depend  the  future  service  the 
highways  will  render?  If  I  yield  to  political  pressure, 
to  selfish  interests,  to  some  stubborn  opposition,  and  fail 
to  plan  and  to  build  the  highways  the  people  of  my  State 
ought  to  have,  not  only  the  present  but  succeeding  gen- 
erations must  suffer. ' ' 

This  organization  must  awaken  to  a  responsibility  of 
placing  before  the  public  at  large  the  real  facts  concern- 
ing highways  and  their  relationship  to  highway  trans- 
portation service.  It  must  speak  with  authority  and 
emphasis.  It  must  take  upon  itself  the  serious  respon- 
sibility of  leadership  in  directing  public  thought  and 
education,  not  by  the  arrogant  methods  of  the  demagogue, 
but  by  the  intelligent  dissemination  of  facts  and  prin- 
ciples founded  upon  knowledge  and  experience.  Noth- 
ing as  big  as  the  highway  improvement  program  now 
actually  under  way  is  safe  from  attack  through  selfish, 
short-sighted  or  ignorant  motives.  Nothing  will  carry 
on  the  spirit  and  interest  of  the  public  through  the  long 
period  ahead  except  an  appreciation  and  a  belief  in  the 
integrity  and  usefulness  of  the  results  accomplished. 

I  do  not  wish  to  fail  in  showing  my  belief  and  en- 
thusiasm in  the  possibilities  and  opportunities  that  lie 
ahead  of  the  highway  organizations.  But  I  wish  less 
to  fail  to  place  upon  the  conscience  of  each  individual, 
regardless  of  the  rank  he  holds,  his  responsibility.  I 
want  to  see  this  organization  accept  the  fact  that  the 
saceesi  of  the  future  highway  program  is  dependent  upon 
the  character  and  ideals  maintained  by  the  component 


forces,  and  that  the  failure  of  any  one  of  these,  Federal 
or  State  reacts  advereely  upon  the  whole. 

It  is  not  possible  to  define  for  a  definite  period  of 
time  the  exact  progress  made  for  the  United  States  as  a 
whole,  for  there  is  no  fixed  point  common  to  all  the 
States.  Yet,  from  the  standpoint  of  highway  service,  I 
list  our  outstanding  progress  for  the  past  two  years  in 
this  order. 

1.  The  increased  highway  service  made  possible 
through  the  establishment  of  proper  methods  and  the  ex- 
penditure of  more  adequate  funds  for  maintenance. 

2.  The  increased  highway  service  resulting  from  new 
construction. 

3.  The  adoption  and  enforcement  of  better  engineer- 
ing standards. 

4.  The  improvement  in  the  administration  of  high- 
ways as  a  public  utility. 

Although  the  new  construction  has  been  very  large, 
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the  mileage  of  highways  of  all  types  that  have  been 
brought  to  a  serviceable  condition  or  restored  after  a 
period  of  inadequate  repair,  is  still  greater.  The  out- 
standing results  secured  from  the  distribution  of  the 
large  quantities  of  war  surplus  materials  and  equipment 
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are  foiind  in  the  better  and  more  extensive  highway  and  without  reservation  his  position  that  in  the  formu- 

maintenanee  made  possible.    The  Bureau  estimates  that  lation  of  the  new  rules  and  regulations  required,  and  in 

by  the  end  of  the  year  war  surplus  to  the  amount  of  ap-  the  administration  of  the  law,  the  Department  will  re- 

proximately  $150,000,000  in  value  will  have  been  dis-  quest  the  counsel  of  this  Association  through  its  proper 

tributed  for  use  in  highway  improvement.  committee.    The  Secretary  is  greatly  impressed  with  the 

It  is  my  purpose  to  submit  detailed  schedules  of  the  possibilities  and  responsibilities  of  the  new  Act,  and  the 

cooperative  construction  work,  to  be  included  in  the  pub-  truly  cooperative  spirit  which  must  underlie  the  func- 

lished  reports.     Without  the  detail  by  States,  as  a  na-  tioning  of  both  the  State  and  Federal  organizations  to 

tional  program  the  following  showed  the  program  by  make  the  greatest  and  surest  progress, 

years  in  placing  new  work  under  way.  The  Act  itself  is  remarkably  comprehensive  in  defin- 

TABLE  I.— FEDERAL  AID  PROJECTS  UNDER  CONSTRUCTION    AND    COMPLETED    BY    CALENDAR    YEARS. 

Estimated  Cost  Federal  Aid                              Miles 

Calendar    Years                                                 For  Year  Accumulated         For  Year       Accumulated      For  Yr .    Accum. 

Previous  to  and  including  1918 $18,088,000  $18,088,000         $     7,568,250         $     7,568,250          1706            1706 

Previous  to  and  including  1919 119,746,270  137,834,270            52,210,105            59,778,355          8071            9777 

Previous  to  aqd  including  1920 212,292,815  350,127,085             89,904,752          149,683,107         11754          21531 

To  December  1,  1921 141,362,865  141,362,863          491,489,950          209,583,722          6986          28517 

On  November  1,  1921,  our  records  showed  the  follow-  ing  and  demanding  a  systematic  plan,  national  in  its 

ing  mileage  and  costs  of  roads  completed  and  under  extent,  for  future  highway  development.     None  of  us 

agreement:  have  had,  or  are  ever  likely  to  have  a  more  seirous  re- 

TABLE   II.— MILEAGE   AND    TYPES    COMPLETED    AND  sponsibility  than  the  one  imposed  of  selecting  the  Fed- 

UNDER  AGREEMENT  NOVEMBER  1,  1921  eral  Aid  system  to  be  composed  of  the  most  important 

Type                                    Total         Federal  Aid    Mil'ge  highways,  articulating  not  only  within  the  States,  but 

Graded  and  drained $55,704,253       $24,721,021       6,864  with  the  systems  of  the  contiguous  States.     Here  is  an 

Sand    clay 22,226,362           10,495,172         2,696  ^      ■/   ^     j        •.■■.■            ^ 

Gravel 104,614,067         47,192,895      10.044  oppoi'tunity  to  do  a  big,  basic  work,  such  as  comes  to  few 

W.  B.  macadam 22,452;779           9!729!20i        1,291  in  the  course  of  a  lifetime.    The  individual  who  fails  to 

Bituminous    macadam 41,412,557          18,646,066         1,323  ■  ■        .t.     ■           ^              »  ,i      ,     ,    ,                         ,     .   , 

Bituminous  concrete  23,445,375           9,299,864          772  vision  the  importance  of  the  task  has  no  moral  right  to 

Concrete   184,021,245         75,600,279       4,654  hold  a  position  of  authority  in  its  performance.    From  a 

Brick   22,039,845            6,925,483           444  4.-          j?  v.-   i,                                 ,      ,       ,    •    ^..    .. 

Bridges  20,235,200          8,525,395         *47  conception  of  highways  as  a  purely  local  institution,  a 

viewpoint  we  held  for  over  a  half  century  of  our  national 

Totals    $496,151,683       $211,135,376       28,135  n-,                                ■,  ^                      ^              .]..■■ 

lite,  we  progressed  to  an  acceptance  of  their  importance 

*Includes   approaches.  to  the  State.    This  attitude  persisted  for  another  quarter 

The  distribution  of  costs  and  types  on  a  percentage  of  a  century,  until,  thru  the  universal  use  of  the  motor 

basis  for  the  projects  summarized  are  as  follows :  vehicle,  the  transportation  crisis  of  a  great  war,  the  re- 

TABLE  111.— DISTRIBUTION  OF  COSTS  AND  TYPES  ON  peated  threats  of  extensive  railroad  tie-ups,  and  the  re- 

PERCENTAGE  BASIS  ON  PROJECTS  COMPLETED  suits  alreadv  secured  with  Federal  Aid   we  have  in  thp 

AND  UNDER  AGREEMENT,  AS  OP  NOV.  1,  1921.  "      diieauy  securea  wiin  reaerai  Aia,  we  nave,  m  the 

Percentage    Percentage    Percentage  **"°''*  P^^^'^^a  "^  "^e  years,  visioned  our  more  important 

of  estimated    of  federal        of  total  highways  extended  and  inter-connected  to  form  a  vast 

Graded^and  drained °  11.2°^          11.7            ™24.4^^  network,  serving  local,  State  and  national  traffic,  only 

Sand-clay 4.5               5.0                9.6  limited  by  the  confines  of  the  United  States.    This  is  the 

Gravel 21.2                22.4                  35.7  x-            i.-  i.    i.        i                 •                        ,       , 

Water-bound  macadam...        4.5                4.6                  4.6  conception   which   has  been  written   into  the  law,   and 

Bituminous  macadam  ....        8.3               8.8                 4.7  which,  because  of  the  projected  effect  of  that  which  is 

Bituminous  concrete 4.7                  4.4                    2.7  j„                  •    x     .n,      »    ,           t.^     ..i       •            .               ,     ,. 

Portland  cement  concrete.      37.1               35.8                16.5  ^°"^  °°^  ^"*°  ^'^^  future,  lifts  the  importance  of  this 

Brick 4.4               3.3                1.6  requirement,  that  is,  the  selection  of  the  Federal-Aid 

^   ^^^  *-^               *-^                 ^-^  system,  above  any  other  principle  or  duty  therein  an- 

As  of  November  25  the  records  of  the  Bureau  show  nounced. 

that  of  the  total  allotments  to  the  States  under  the  two  _.i.-          i.                   ,_    i 

first  appropriations,  $266,720,000  there  has  been  placed  J^'^  "^"""^  "*"'*  °°*  ^^  hurriedly  done,  but  because  of 

-     under  agreement  with  the  States  Federal  Aid  funds  in  ^^^  unemployment  situation  urgently  demanding  every 

the  sum  of  $213,048,000  for  28,419  miles  of  highways.  ^"^'^^^  ""^^'^^  *^^*  "^^^  ^^  obtained  through  the  highway 

Of  this  mileage  there  has  been  completed  the  equivalent  P^^gfam    projects  will  be  approved  without  delay  for 

of  21,000  miles.    You  will  note,  therefore,  that  there  now  *^^  ^"^^^^'^^  °^  ^"^'^^  ^^'"^  *^^  ^^^^^  ^"*i  the  district 

remains  the  balance  of  53,702,000  to  be  placed  under  engineers  of  the  Bureau  agree  will  lie  upon  the  Federal 

^agreement  from  the  old  appropriation.    From  the  Fed-  ^^^  system.     All  funds  available  which  have  not  ad- 

^Peral  Highway  Act  appropriation  of  November  9,  there  ^^"ced  to  at  leaast  the  approved  project  statement  stage 

has  been  apportioned  to  the  States  $24,375,000,  available  ^°"^^  under  the  requirements  of  the  new  Act.    Bach  dis- 

Rnow,  and  $48,750,000  available  January  1,  1922.  trict  engineer  is  fully  informed  as  to  the  procedure  for 

As  a  foundation  for  the  consideration  of  future  poll-  "interim"  projects,  which  is  so  simplified  that  if  impor- 

cies  under  the  new  legislation,  the  Secretary  of  Agricul-  tant  projects  are  chosen  in  good  faith  there  will  be  no 

ture  has  authorized  and  requested  me  to  express  clearly  delay  in  securing  favorable  action. 
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The  Department  will  do  everything  possible  to 'expe- 
dite projects  that  can  bring  any  relief  from  the  unem- 
ployment crisis  now,  or  that  will  shorten  the  winter 
MMon  of  inactivity  in  road  building  in  the  northern 
States.  The  revised  regulations  \vill  not  be  issued  until 
they  have  been  considered  in  detail  ^vith  the  ipi^resen- 
tatives  of  the  Association. 

There  can  be  no  doubt  as  to  the  clear  intent  of  the 
law  to  provide  for  a  system  of  roads  which  shall  include 
those  which  are  now  and  which  after  improvement  are 
to  become  the  major  traffic  lines.  The  different  states 
of  improvement  to  which  the  States  have  progressed,  and 
all  the  variations  between  them  of  topography,  of  popu- 
lation distribution,  of  industries,  of  development  of  nat- 
ural resources,  must  necessarily  be  reflected  in  the  laying 
out  of  the  system.  These  details  must  be  worked  out  be- 
tween the  States  themselves  and  the  Bureau  of  Public 
Roads.  Because  of  these  wide  variations,  it  is  only  pos- 
sible to  suggest  some  of  the  major  considerations.  We 
do  not  minimize  the  importance  of  the  local  traffic.  To 
care  for  this  class  properly  will,  in  general,  alwaj's  be 
the  first  objective  of  highway  improvement.  Our  con- 
ception is  rather  that  a  choice  of  highways  shall  be  made 
which,  regardless  of  the  order  of  improvement,  will  even- 
tually join  into  a  well-conceived  network  crossing  both 
county  and  State  boundaries.  Thus,  while  the  immediate 
needs  of  a  State  or  a  district  may  determine  priority  of 
construction,  each  new  link  brings  nearer  the  comple- 
tion of  the  system  as  a  whole. 

In  the  western  States  the  major  lines  will  be  largely 
fixed  by  topography,  but  by  the  same  token,  because  long 
routes  will  be  determined  by  single  strategic  points  such 
as  a  mountain  pass,  it  is  the  earnest  hope  of  the  Bureau 
that  the  States  affected  will  reach  an  agreement  based 
on  the  future  service  that  is  to  be  rendered,  not  only  to 
the  local,  but  also  to  the  inter-State  and  national  traffic. 

In  the  same  spirit  that  the  United  States  by  a  cour- 
ageous and  generous  policy  has  made  possible  definite 
progress  in  the  limitation  of  armaments,  to  be  followed 
by  a  consequent  decrease  of  national  expenditures  for 
potential  destruction,  it  is  my  sincere  belief  that  the 
highway  organizations  will  make  possible  through  mutual 
agreement  the  consummation  of  a  splendid  national  sys- 
tem of  highways.  This  comparison  is  not  lightly  made, 
for  the  program  ahead  involves  hundreds  of  millions  of 
dollars,  but  with  this  essential  difference,  that  this  huge 
expenditure  will  be  for  a  constructive,  nation-building 
purpose.  In  the  great  agricultural  districts  where  the 
major  road  development  is  still  ahead,  and  where  the 
connecting  up  of  continuous  routes  will  at  the  same  time 
serve  the  local  traffic  equally  with  other  projects,  it  is 
hoped  that  the  States  will  recognize  that  duty  imposed 
upon  the  Department,  expressed  in  the  langu^e  of  the 
law,  "The  Secretary  of  Agriculture  shall  give  preference 
to  Buch  projects  as  will  expedite  the  completion  of  an 
uate  and  connected  system  of  highways,  inter-State 
aracter." 

the  eastern  States,  some  of  them  with  a  large  mile- 


age of  improved  roads,  it  might  appear  that  the  selection 
of  a  system  is  not  so  important,  yet  it  seems  to  me  that 
it  is  here  that  our  greatest  traffic  problems  lie.  It  will 
be  a  comparatively  short  time,  because  of  new  construc- 
tion and  better  maintenance,  until  the  trans-continental 
tourist  will  be  provided  with  roads  that  are  entirely 
serviceable  throughout  the  seasons  of  the  year  when 
other  conditions  favor  such  travel.  The  really  serious 
traffic  problems  lie  around  and  between  large  centers  of 
population.  It  must  be  remembered  that  for  roads  built 
previously  many  engineering  details  such  as  alignments, 
widths,  types,  were  planned  prior  to  the  advent  of  the 
motor  traffic,  and  for  the  slower,  lighter,  horse-drawn 
vehicle  use.  The  consideration  of  weight,  speed,  safety, 
numbers,  which  now  must  govern  design, .  had  not  yet 
become  the  corttroUing  factors.  The  traffic  lines  are  from 
town  to  town,  and  in  general  follow  through  the  most 
congested  parts  of  poptilation  centers.  As  some  of  the 
principles  which  we  must  properly  work  out,  the  fol- 
lowing are  suggested: 

1.  The  development  of  parallel  lines  to  di\'ide  heavy 
traffic  through  thickly  populated  districts. 

2.  The  development  of  direct,  short  mileage  routes, 
although  on  these  routes  there  may  now  be  a  less  amount 
of  improved  roads  than  on  routes  now  followed. 

3.  The  building  of  inner  or  outer  belt  lines  around 
congested  centers. 

4.  The  reconstruction  of  weak  sections  for  heavy' 
truck  traffic. 

5.  The  widening  of  main  routes  near  the  largest  cities 
or  between  cities  where  the  distance  is  short  enough  to 
carry  uniform  traffic. 

6.  Proper  connections  with  the  routes  of  adjoining 
States. 

Possibly  there  are  many  questions  as  to  the  future  sur- 
facing policies.  The  changes  in  types  and  specifications 
which  will  be  sought  from  time  to  time  by  the  Bureau 
will  be  based  upon  the  more  accurate  knowledge  which 
is  being  obtained  rapidly  through  research  and  through 
the  detailed  situdies  of  the  behavior  of  modern  designs 
under  traffic.  The  requirement  of  the  18-foot  surfacing 
is  constructed  to  mean  that  this  is  fixed  as  the  minimum 
two-way  i-oad,  where  the  construction  is  to  be  considered 
eomj)letc  as  first  put  down.  This  requirement  will  not 
preclude  the  building  of  a  narrower  pavement  in  those 
districts  where  the  traffic  does  not  yet  justify  the  two- 
way  width.  I  am  yet  to  be  convinced  that  we  may  not 
properly  build  now  in  many  sparsely  populated  districts 
one-half  of  the  final  width  of  pavement  in  order  to  com- 
plete mileage  between  points,  if  all  the  other  work  is. done 
to  provide  for  the  full  width  construction  later. 

To  insure  maintenance,  the  strongest  possible  require- 
ments have  been  written  into  the  law.  The  Department 
may  not  slight  its  responsibility,  and  the  attitude  of  the 
whole  national  administration  demands  the  utmost  fidel- 
ity in  the  continuous  upkeep  of  the  highways  built.  The 
position  taken  by  the  President  in  his  published  addressee 
is  well  known.    His  statements  to  the  Executive  Commit- 


February  15,  1922 


GOOD     ROADS 


99 


t^e  of  this  Association,  who  counseled  with  him  while  the 
j)resent  legislation  was  under  considei'ation,  the  state- 
ments of  the  Secretary  of  Agriculture  in  presenting  the 
com])leted  legislation  to  the  President  for  his  signature, 
all  leave  no  possible  dotibt  as  to  the  position  which  must 
be  taken  by  the  Bureau  in  enforcing  the  provisions  as  to 
maintenance. 

We  are  not  left  in  doubt  as  to  the  meaning  of  the  word 
"maintenance."  The  law  itself  states,  "the  term  main- 
tenance means  the  constant  making  of  needed  repairs  to 
preserve  a  smooth-surfaced  highway."  Further,  "such 
State  shall  make  provision  for  State  funds  required  each 
year  *  *  *  for  construction,  reconstruction  and  main- 
tenance of  all  Federal-Aid  highways  *  *  *  which  funds 
shall  be  under  direct  control  of  the  State  Highway  De- 
partment. ' ' 

The  Bureau  earnestly  hopes  that  it  will  not  be  i-equired 
to  take  over  a  single  mile  of  highway  for  maintenance, 
but  the  responsibility  is  imposed,  and  this  provision  of 
the  law  will  be  enforced  to  the  letter.  It  is  a  well- 
established  principle  that  proper  maintenance  will  re- 
sult only  if  some  form  of  patrol  is  organized  that  places 
direct  and  continuous  I'esponsibility  upon  someone  for 
the  condition  of  each  mile  of  road,  and  the  Bureau  will 
not  consider  that  the  States  are  properly  living  up  to  the 
requirements  of  this  Act  until  such  a  system  is  estab- 
lished. I  do  not  use  "patrol"  in  the  technical  sense  to 
distinguish  it  from  the  so-called  "gang"  system,  but 
rather,  the  proper  combination  of  patrol  and  gang  sj^s- 
tems  to  meet  the  particular  conditions  of  each  State.  If 
there  is  one  word  to  be  accented  more  than  any  other,  it 
is  the  term  ' '  constant, ' '  and  to  this  should  be  added  ' '  au- 
tomatic." 

Personally,  I  am  more  than  delighted  that  the  sliding 
scale  has  been  established  "to  gauge  the  cooperation  re- 
quired in  the  public  land  states.  I  do  not  regard  the 
establishment  of  this  scale  as  a  concession  to  the  west. 
It  seems  to  me  to  be  only  a  proper  and  just  recognition 
of  the  responsibility  which  the  United  States  ais  a  whole 
must  shoulder — that  of  improving  those  highways  neces- 
sary through  the  public  lands  whose  future  utility  is 
problematic. 

It  is  not  necessary  to  touch  upon  all  the  points  of  the 
law.  I  have  endeavored  to  accent  the  establishment  of 
the  system  of  Federal  Aid  roads  as  beyond  all  other 
principles,  the  most  important  written  into  this  law.  Of 
only  slightly  less  importance  is  the  requirement  as  to 
maintenance.  While  our  thoughts  may  run  to  large 
constniction  programs,  and  the  details  of  types  and  ma- 
terials to  be  used,  let  it  be  remembered  that  we  are  pro- 
viding highway  service,  and  that  the  degree  of  service 
rendered  is  determined  by  the  lay-out  of  the  system,  and 
by  the  condition  in  which  every  mile  of  road  within  that 
system  is  maintained  constantly.  Every  State  which  has 
established  a  State  system  of  highways  has  found  those 
highways  almost  immediately  abandoned  by  the  counties 
or  other  local  subdivisions.  I  trust  that  each  State  in 
which  highways  are  taken  into  the  Federal  Aid  system. 


wliich  have  not  up  to  this  time  been  established  as  State 
liighways,  but  have  been  under  the  jurisdiction  of  the 
local  boards,  will  recognize  this  principle  and  make  im- 
mediate plans  under  which  all  parts  of  the  system  will 
come  under  the  jurisdiction  and  maintenance  of  the 
State  without  waiting  for  their  construction. 

The  Bureau  of  Public  Roads  will  proceed  under  the 
provisions  of  this  Act  on  the  assumption  that  each  State 
will  recognize  the  mutual  responsibilities  imposed  upon 
the  State  and  upon  the  Federal  organizations,  and  will 
bring  its  operations  at  once  into  harmony  with  all  the 
provisions.  Also,  that  each  State  will  in  fairness  recog- 
nize the  greater  responsibilities,  restrictions  and  re- 
quirements imposed  upon  the  Federal  Bureau.  The 
Bureau  does  not  seek  initiative.  It  does  not  seek  to  direct 
the  States  but  to  cooperate  with  them.  There  is  now  a 
plan  of  action  for  the  guidance  of  both  organizations 
that  is  so  clear  and  so  explicit  that  neither  can  escape  the 
responsibilities  imposed.  The  Federal  requirements  are 
fairly  defined  and  will  be  sincerely  and  faithfully  en 
forced.  Among  all  of  the  48  States,  I  know  of  no  cases 
where  it  is  not  possible  to  cooperate  fully — certainly  no 
l)hysical  or  financial  difficulties  are  insurmountable, — 
and  if  difficulties  develop  in  the  administration  of  this 
law,  they  will  come  from  a  wrong  attitude  of  mind  on 
the  part  of  one  or  both  of  the  organizations.  We  can 
and  will  eliminate  any  possibility  of  such  only  through 
a  mutual  consideration  and  respect  each  for  the  view- 
points and  obligations  of  the  other. 

Referi'ing  once  more  briefly  to  the  diagram,  it  is  evi- 
dent that  a  great  misconception  exists  in  the  public  mind 
as  to  the  service  which  is  being  rendered  by  the  high- 
ways. During  the  very  long  period  that  construction  and 
maintenance  were  lagging  far  behind  the  increase  in  traf- 
fic, it  is  not  to  be  wondered  at  that  our  highways  showed 
a  material  depreciation.  Through  the  war  period,  with 
the  greatly  increased  use  of  heavy  traffic  units,  particu- 
larly at  just  the  seasons  of  the  year  when  the  road  sur- 
faces are  carried  on  weakened  subgrades,  some  roads  did 
break  up  seriously.  But  this  depreciation  in  general  has 
not  continued,  and  more  than  this,  the  effect  of  the  lag 
in  maintenance  has  been  practically  obliterated  by  the 
increased  maintenance  during  the  past  three  years,  and 
by  the  reconstruction  of  the  weaker  sections,  until  our 
roads  are  in  a  far  better  condition  today  than  they  have' 
ever  been  in  our  history.  This  fact  in  itself  controverts 
successfully  any  general  accusations  against  our  modem 
highways,  of  failure  to  carry  the  loads  imposed.  Think 
of  the  conditions  in  your  own  State.  Are  not  the  roads 
far  better  than  they  have  ever  been?  And  yet  perhaps 
many  of  you  feel  that  in  some  other  States  the  roads 
have  been  and  are  depreciating  rapidly.  I  have  been 
unable  to  find  such  evidence.  Roads  that  during  the 
war,  because  of  unusually  heavy  traffic  and  lack  of  main- 
tenance, were  seriously  depreciated,  have  since  been 
brought  back  into  a  state  of  better  repair  thail  they  have 
ever  been.  Cheaply  constructed  roads,  roads  that  were 
built  before  any  consideration  of  present-day  traffic,  are 
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being  held  up  thi-ough  adequate  maintenance  on  some  of 
the  heaviest  traffic  lines  in  the  country. 

The  whole  purpose  of  highway  building  is  to  make 
possible  highway  transportation,  and  the  cost  of  the 
transportation  must  be  reduced  as  low  as  possible. 
Therefore,  restrictive  legislation  which  limits  too  greatly 
the  loads  to  be  hauled  on  the  highways  should  not  be 
tolerateil.  as  it  is  against  a  proper  public  policy.  Legisla- 
tion regulatory  of  the  traffic  on  the  highways  should  take 
into  account  that  there  are  many  factors  which  govern 
the  traffic  depreciation  of  our  highways.  Laws  which 
blindly  fix  some  weight  to  be  moved  on  the  highways 
may  prohibit  the  really  profitable  traffic  and  allow  less 
economical  and  more  destructive  vehicles  to  operate  prac- 
tically unchecked.  Both  weight  and  speed  are  major 
factors  in  their  destructive  effects  upon  the  highways,  but 
the  distribution  of  the  load,  the  relation  of  the  sprung 
and  unspi-ung  weights,  the  tire  equipment, — all  have  an 
important  effect.  From  the  research  of  the  past  two  or 
three  years,  and  from  the  practical  experience  of  the 
highway  organization,  we  arc  accumulating  sufficient 
knowledge  to  engage  understandingly  on  a  determination 
of  the  character  of  legi.slation  which  will  result  in  a  sound 
public  policy.  The  solution  of  highway  transportation 
lies  in  thfe  proper  adjustment,  no  less  of  the  motor  vehicle 
to  the  road  than  of  the  road  to  the  motor  vehicle.  I  hope 
to  see  no  conflict  develop  between  the  States  in  the  de- 
termination of  traffic  regulations.  Such  would  destroy 
in  a  large  measure  the  utility  of  a  Federal  Aid  system 
of  primary  highways.  Rather,  because  the  system  will 
for  a  long  time  be  non-uniform  in  its  carrying  capacity, 
much  discretion  should  be  allowed  the  State  highway 
departments  in  determining  the  loads  which  are  to  oper- 
ate upon  specific  sections  of  highways,  and  further,  much 
discretion  should  be  allowed  the  departments  in  the  mak- 
ing of  seasonal  restrictions  where  climatic  conditions  are 


such  that  there  are  periods  when  the  roads  normally 
fully  capable  for  carrying  heavy  loads,  are  for  a  short 
time  carried  on  uncertain  subgrades.  Here  is  an  oppor- 
tunity for  the  highway  builder  and  the  motor  truck  man- 
ufacturer to  cooperate  to  serve  the  public's  interest. 
One  other  point  is  causing  the  public  much  concern. 
It  is  often  stated  that  highways  have  gone  to  pieces  and 
must  be  rebuilt.  Engineers  have  been  prompt  to  develop 
methods  of  improvement  which  are  salvaging  practically 
the  full  value  that  was  originally  invested  in  the  high- 
ways. For  example,  some  of  the  older  macadam  roads  in 
New  York  State,  lightly  built,  which  are  now  heavy  traf- 
fic lines,  have  been  widened  by  concrete  roadways  on 
either  side  preserving  a  strip  of  macadam,  say  6  feet 
wide  in  the  center,  thus  giving  a  24-foot  usable  surface  by 
the  addition  of  18  feet  of  new  construction.  The  re- 
mainder of  the  macadam  width  is  sacrificed  and  the 
material  spread  to  form  a  better  base  under  the  new  con- 
struction. This  is  only  one  example  of  so  many  success- 
ful operations  of  like  construction  that  it  may  be  taken 
as  a  principle  that  if  roads  are  well  maintained  when 
traffic  becomes  so  heavy  that  reconstruction  is  necessary, 
the  major  part  of  the  investment  can  be  preserved  and 
be  built  into  the  new  highway  as  an  integral  part.  It  is 
my  judgment  that  our  heaviest  traffic  lines  of  the  future 
will  be  developed  in  this  manner,  for  we  must  recog- 
nize the  principle  that  at  the  present  time  the  big  task 
is  to  get  a  mileage  of  surfaces  that  can  be  maintained 
under  the  traffic.  Perhaps  the  principle  that  we  should 
remember  is  to  do  the  fundamental  work  right.  Road 
surfaces  are  built  for  use  and  we  must  expect  them  to 
wear  out.  The  one  thing  that  we  must  do  is  to  furnish 
highway  service,  for  this  is  an  essential  factor  of  highway 
transportation,  and  we  must  rely  on  highway  transporta- 
tion to  pay  the  major  portion  of  the  costs  of  the  whole 
construction  and  maintenance  program  ahead. 
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Systematic  Survey  of  Gravel  for  Road  Purposes* 


Hy  WALLACE   F. 

Vive  years  ago,  when  work  was  started  in  New- 
Ham  p«hire  on  the  testing  of  gravels,  it  was  immediate- 
ly seen  that  samples  taken  at  random  would  funiish 
but  very  little  infonnation.  Limits  for  the  wearing 
qualities  for  instance,  could  not  be  determined  until 
a  very  comprehensive  study  of  the  wliole  state  was 
made.  The  question  arose,  if  any  given  gravel  showed 
poor  results,  did  this  condition  indicate  the  quality  of 
gravel  in  other  banks  near  by? 

Nature  has  a  habit  of  doing  everything  according 
to  some  law.  There  was  at  the  outset,  then,  reason  to 
believe  that  the  quality  of  gravel  at  any  one  place 
was  determined  by  some  one  of  these  laws. 

For  the  purposes  of  this   paper,  we   will  consider 

•Paper  nresented  at  Nineteenth  Annual  Convention  of 
the  American  Road   Builders'  Association. 

tCbemlst  and  Testing  Engineer,  New  Hampshire  High- 
way Department. 


PUBKINGTONt 

gravel  to  be  waterwoni  pebbles  mingled  witli  sand  or 
clay.  Throughout  New  England  and  rather  generally 
in  the  northern  states,  the  deposits  of  gravel  came  from 
the  melting  of  the  great  continental  ice  sheet  at  the 
close  of  the  ice  age.  iSince  that  time  some  of  these 
gravels  have  been  redistiibuted  by  rivers  or  by  waves 
and  they  may  even  still  be  undergoing  rearrangement 
and  alteration  by  these  agencies. 

The  bed-rock  of  New  Hampshire  is  composed  of 
crystalline  rocks  commonly  classified  as  igneous  and 
metamor-phic.  We  are  neither  blessed  nor  cursed  with 
rocks  of  sedimentary  origin.  The  results  of  the  move- 
ment of  the  Ice  Sheet  can  be  seen  today  by  the  glacial 
scratches  or  "striae"  still  found  upon  tiie  surface  of 
exposed  hard  ledges.  One  of  the  first  steps  taken  at 
the  beginning  of  our  survey  was  to  make  a  map  show- 
(Oontinued    on    page    102) 
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LIMITATION  OF  FEDERAL  AID  FUNDS 

While  no  one  can  question  the  necessity  of  the  Fed- 
eral GowTnineiit  to  curtail  its  expenditures,  the  pi'o- 
posal  of  President  Harding  to  limit  federal  aid  appro- 
priations to  $75,000,000  a  year  would  appear  to  be  mis- 
applied economy.  Tlie  United  States,  although  it  has 
now  many  thousands  of  miles  of  improved  highways, 
is  in  urgent  need  of  better  highway  transportation  fa- 
cilities in  all  sections  of  the  country.  The  commercial 
aetivites  of  this  country  are  developing  rapidly  and 
greater  demands  as  a  consequence  are  being  imposed 
upon  transportation.  The  railroads  are  not  keeping 
pace  with  this  commercial  growth — no  new  trackage 
is  being  built,  in  fact,  short  branch  lines  are  being 
abandoned  and  it  iiiigjit  truthfully  be  said  that  rail- 
road trackage  is  actually  shrinking,  in  spite  of  the 
fact  that  the  movement  of  commodities  is  greater  than 
ever  before.  Under  this  new  order  of  things,  our  high- 
ways are  increasingly  important. 

Instead  of  diminishing  the  amount  of  funds  to  be 
made  available  each  year.  Congress  ought  to  increase 
road  appropriations,  for  tlie  states  are  now  prepared  to 
go  forward  with  road  work  on  a  grander  scale  than 
ever  before.  Efficient  highway  organizations  have 
been  built  up  and  the  drawbacks  which  prevailed  after 
the  close  of  the  wai',  such  as  shortage  of  labor,  mate- 
rials and  railroad  facilities,  do  not  exist  now.  The 
pnining  knife  could  much  hettcr  be  api>lied  to  some 
othei'  activity  of  the  Government  than  to  federal  aid 
highway   constriction. 


GRAVEL  FOR  ROAD  CONSTRUCTION 

liecause  gravel  makes  a  good  road  at  small  cost  and 
is  found  in  all  parts  of  the  country,  it  is  natural  that 
it  should  be  the  most  universally  used  road  material. 
Yet  because  gravel  is  so  readily  available,  it  sometimes 
happens  that  insufficient  thought  is  given  to  the  selec- 
tion and  use  of  this  material  in  road  work.  As  Wal- 
lace F.  Furrington,  Chemist  and  Testing  Engineer  of 
the  New  Hampshire  State  Highway  Department,  re- 
mark.s  in  an  article  printed  elsewhere  in  this  issue, 
"Someone  has  remarked  that  if  given  an  Italian  and 
a  shovel  he  would  find  more  gravel  than  a  geologist 
could.  Reason  and  experience  indicate,  however,  that 
both  the  shovel  and  the  geological  understanding  arc 
essential  to  any  thorough  and  economical  search  for 
gravel. ' ' 


ROAD  WORK  IN  NATIONAL  FORESTS 

An  important  phase  of  road  building  in  this  country 
is  the  work  being  carried  on  by  the  U.  S.  Forest  Serv- 
ice in  the  National  Forests,  as  described  last  week  by 
F.  E.  Bonner,  Acting  Chief  Engineer.  Since  1905  about 
$20,000,000  has  been  spent  on  the  construction  of  for- 
est roads  and  last  year  $15,000,000  was  appropriated 
by  Congress  to  carry  on  the  work.  This  recent  appro- 
priation will  speed  up  the  opening  of  timber  reserves 
and  will  make  accessible  to  automobilists  much  terri- 
tory rich  in  scenic  beauty. 

It  is  estimated  that  approximately  40,000  mi.  of 
roads  are  yet  to  be  constructed  to  provide  adequate 
highway  systems  in  the  156,000,000  acres  of  national 
forests  in  this  country.  This  construction  will  involve 
a  total  expenditure  of  approximately  $140,000,000.  For 
the  time  being  the  Poorest  Service  has  sufficient  funds 
to  carry  on  its  work  of  road  development,  but  it  has 
only  enough  to  make  a  beginning  and  should  in  the 
future  receive  appropriations  to  enable  it  to  carry  out 
its  plans  without  interruption. 


HIGHWAY  TRAFFIC  PROBLEMS 

In  an  article  appearing  elsewhere  in  this  issue 
Thomas  H.  MacDonald,  Chief  of  the  U.  S.  Bureau  of 
Public  Roads,  points  out  souie  of  tlie  salient  highway 
traffic  problems  now  confronting  road  builders  in  this 
country.  To  Mr.  MacDonald 's  mind  the  location  of 
I'oads  bear  a  very  important  r.'lation  to  future  traffic 
problems  and  greater  consideration  must  be  given  to 
the  following:  "the  development  of 'parallel  lines  to 
divide  heavy  traffic  through  thickly  populated  dis- 
tricts; the  development  of  direct,  short  mileage  routes, 
although  on  these  rontes  there  may  be  a  less  amount 
of  improved  roads  than  on  the  routes  now  followed; 
the  building  of  inner  or  outer  belt  lines  around  con- 
gested centers;  the  j-econstruction  of  weak  sections 
for  heavy  traffic :  the  widening  of  main  routes  near 
the  largest  cities  or  between  cities  whei-e  the  distance 
is  short  enough  to  carry  uniform  traffic;  proper  con- 
nections with  the  routes  of  adjoining  states." 
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A  SYSTEMATIC  SURVEY  OF  GRAVEL 
FOR  ROAD  PURPOSES 

(Continued  from  page  100) 
ing  by  colors  tlie  various  areas  occupied  by  different 
types  of  rock.  The  diection  of  glaeiation  had  been 
worked  out  by  the  State  Geological  Survey  under 
Hitchcock  years  before.  Our  sm^cess  in  future  lines  of 
investigation  was  to  a  great  extent  dept'ndent  upon 
this  very  detailed  knowledge  of  the  bed-rock  and 
glaeiation  which  was  available  at  the  start. 

The  ice  sheet  as  it  slowly  spread  southward  across 
New  England,  ripped,  ploughed  and  ground  up  every- 
thing in  its  path.  Eventually  the  climate  changed,  tlie 
ice  edge  began  to  melt  back,  resulting  in  torrents  of 
water  which  moved  the  frozen  rock  material  or  drift, 
building  up  certain  surface  foniiation.s  wliich  are  des- 
ignated as  eskers,  kames,  washplain.s  and  deltas.  The 
subseqaent  action  of  rivers  has  cut  terraces,  and  up- 
ward movements  of  the  earth's  crust  have  raised  old 
sea  beaches  to  heights  far  above  their  original  level. 
These  fonnations,  from  the  road  builder's  standpoint, 
are  very  valuable  for  tliese  are  the  sources  of  his 
gravel. 

There  are  three  well  defined  rock  areas  in  the  state ; 
on  the  extreme  west,  running  north  and  south  and 
bordering  on  the  Connecticut  River,  is  found  a  strip 
of  slates  or  .slaty  schists;  directly  east  of  this  area  a 
loose-textured  gi-anite  is  found  and  still  further  east, 
in  the  center  of  the  state,  lies  a  great  area  of  crystal- 
line schist.  Referring  to  our  bed-rock  map,  we  find 
that  the  scratches  cut  by  mo\ing  ice  sheet  show  a 
general  northwest  .southeast  diiection.  Our  river  sys- 
tems, likewise,  flow  in  a  general  southerly  direction. 
Let  us  consider  then  what  our  problem  becomes.  The 
ice  sheet  moving  into  the  state  on  its  journey  soutli- 
eastward  picks  up  great  (|uantities  of  the  slate  of  that 
district.  As  it  strikes  the  granite  belt  it  gathers  more 
and  more  granite  which  dilutes  the  slates.  As  the  dis- 
tance increases  the  slate  content  becomes  almost  negli- 
gible. In  this  case,  the  slate  is  an  extremely  soft  ma- 
terial and  the  granite  is  but  little  harder.  The  result 
then,  is  a  vai-ying  mixture  of  two  very  soft  rocks  and 
a«  a  con.sequence,  we  should  rightly  expect  to  find  a 
gravel  with  but  poor  wearing  qualities.  Let  us  trace 
tlie  course  of  the  glacier  still  farther  "ast  into  the  crys- 
talline schist  area.  Here  we  have  a  rock  which  at  ono 
time  was  sedimentary  byt  which  was  subsequently 
hardened  by  he»t  and  by  becoming  soaked  with  under- 
lying granite  masses.  The  gravel  from  tbis  area 
proves  to  be  highly  resistant  to  wear.  It  is  obvious 
that  the  ice  sheet  leaving  the  soft  slate  and  granite  be- 
gins to  jMck  up  the  harder  schist  and  as  a  consequener 
we  find  that  the  further  southeastward  we  go,  the 
stronger  the  gravel  becomes. 

Thi-  melting  of  the  ice  s'heet  concentrated  and  soiled 
the  ro«k  fragments.  The  condition  resulting  was  de- 
pendent upon  the  amount  of  flow  of  water  at  any  one 
point.     Where  a  glacial  rivet-  containititr  an  overbur- 


den of  material  flowed  through  a  narrow  canyon  or 
tunnel  in  the  ice  sheet,  we  find  an  esker  or  steep  sided 
ridge.  Where  the  material  collected  under  more  irreg- 
ular conditions  at  the  side  or  front  of  the  glacier,  we 
find  kames.  When  the  outflowing  rivers  discharged 
into  lakes  or  the  sea  deltas  and  washplaiiis  were  spread. 
The  more  force  that  the  water  had,  the  larger  were 
the  materials  which  were  transported.  We  find  then 
that  our  coarser  materials  are  in  the  eskers  and  kames 
and  the  more  sandy  gravels  are  in  the,  deltas  and  wash- 
plains. 

In  a  study  of  gravels,  there  are  certain  geological 
facts  that  must  be  known ;  the  nature  of  the  bed-rock 
at  any  point,  the  nature  of  the  adjacent  bed-rock  on 
the  side  from  which  the  great  glacier  came  and  tlie 
topographic  features. 

Some  of  the  most  valuable  information  found  by  the 
survey  of  New  Hampshire  gravels  was  obtained  by 
making  counts  of  the  stone  composing  each  gravel,  i.  e., 
the  percentage  of  granite,  slate,  schist  or  other  rock 
type.  For  thfs  purpose  at  least  100  pebbles,  taken  at 
random,  were  counted  and  the  results  noted.  By  such 
a  quick  and  simpl;'  measurement  of  composition  it  is 
quite  possible  to  draw  conclusions  as  to  tlie  strength 
of  the  gravel  and  so  of  its  value  for  road  puiiioses. 
Ordinarily  there  is  not,  in  any  given  town,  a  great  dif- 
ference in  the  quality  of  gravel  to  be  found,  there 
are  indeed,  differen;;es  in  the  proportion  of  sand,  peb- 
bles and  cobble.s.  This  is  true  of  the  material  found 
even  at  different  points  in  the  same  bank.  If,  when 
gi-avel  deposits  were  formed,  the  force  of  water  witli 
its  load  of  matei'ial  had  been  uniform,  we  might  have 
had  homogeneous  deposits.  Such  was  not  the  e^se 
where  eskers  and  kames  and  other  glacial  gravel  de- 
po.sits  were  built,  consequently,  one  hardly  knows  what 
is  to  be  found  in  any  part  of  a  deposit  that  is  not  vis- 
ible. To  the  writer's  mind  any  sample  submitted  to 
a  laboratory  for  gracting  from  gravel  depo.sits  like 
these  is  a  mere  wa.ste  of  time.  Tlierc  may  be  some 
merit  in  testing  a  river  of  washplain  gravel  in  this 
matter  for  these  are  more  uniform.  Other  investiga- 
tors have  reached  tlie  same  conclusions  regarding  the 
absurdity  of  laboratory  grading  of  samples  from  gla- 
cial gravels.  An  intelligent  manipulation  of  any  pit 
will  give  better  and  more  reliable  results  than  any  ar- 
bitrary grading  system  that  may  be  devised. 

Knowing  from  field  studies,  the  nature  of  the  de- 
posit, the  composition  of  the  gravel  as  I'cvealed  by  tlH> 
.stone  count,  the  amount  of  gravel  available  and  its 
probable  grading,  the  testing  laboiatoi-y  has  to  pass 
final  judgment  upon  its  value  to  support  traffic.  The 
work  eairied  on  by  our  survey  covered  nearly  500 
samples  of  gravel,  taken  at  points  whieli  r(n-)resent  all 
the  leading  geological  conditions.  A  comparison  of 
the  laboratory  results  was  made  with  the  eouni  of  the 
stones  in  every  case. 

The  test  used  was  the  Rea  modificatiou  of  the  stan- 
dard Devel  abrasion  test,  which  modification  consists 
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in  the  ailditiou  of  six  steel  balls,  used  as  an  abrasive. 
For  the  bed-rock,  tlie  standard  Devol  test  was  ean-ied 
on.  The  actual  figures  obtained  was  of  course  diffei- 
ent  but  the  relation  between  the  two  tests  were  similar. 
in  other  words,  if  we  found  tliat  a  certain  bed-rock 
showed  a  high  per  cent,  of  wear  when  tested  by  the 
standard  method,  we  should  expect  a  similar  high  per 
cent,  of  wear  u.sing  the  modified  test  on  gravels  com- 
posed eiiietly  of  that  type  of  rock. 

As  a  result  of  the  investigation,  the  State  Highway 
Department  lias  adopted  tlic  following  as  a  specifica- 
tion: 

General — ^Gravel  shall  be  composed  of  fragments  of 
hard,  durable  rock,  the  individual  particles  showing 
reasonable  uniform  resistance  to  abrasion,  together 
witb  sand  or  clay  or  other  binding  material. 
Physical  Properties— The  gravel  shall  meet  the  follow- 
ing requirements: 

Class  A  gravel — Per  cent,  of  wear  not  more  than     7 

Class  B  gravel — Per  cent,  of  wear  .      .      .      .     7-10 

Class  C  gravel — Per  cent  of  wear  ....     10-25 

Class  D  gravel — Per  cent,  of  wear  .      .      .     Over  15 

Class  A  and  B  gravels  may  be  used  for  either  or 

both  base  and  surface  courses;  Class  C  may  be  used 

for  base   course  oidy;  and   Class  D   may   be   u.sed   on 

special   written  peiinission   of  the   commissioner. 

This  specification  is  applicable  to  our  eonditions.  It 
lias  been  devised  after  noting  the  actual  road  making 
values  of  various  gravels.  It  is  purely  arbitrary,  but 
are  limits  which  we  can  meet  in  New  Hampshire,  but  it 
is  appreciated  that  tliese  values  may  not  be  feasible 
elsewhere. 

Someone  has  remarked  that  if  given  an  Italian  and 
a  shovel  he  would  find  more  gravel  tlian  a  geologist 
could.  Reason  and  experience  indicate  however,  that 
both  the  shovel  and  the  geological  understanding 
are  essential  to  any  thorough  and  economical 
search  for  gravel.  One  illustration  is  perhaps  enough. 
In  a  certain  New  Hampshire  town,  where  new  road 
construction  was  contemplated  several  years  ago,  a 
new  gravel  pit,  located  by  simple,  practical  methods, 
was  purcliased  and  opened  by  a  sti-eet  railway  com- 
])any.  It  was  located  on  a  road  corner,  on  a  flat  plain, 
on  the  outskirts  of  town.  Knowing  that  gravel  was 
actually  in  sight,  and  assuming  quite  correctly,  that 
tlie  deposit  extended  as  far  as  the  plain  itself,  the 
agents  of  tlie  town  purchased  a  small  tract  on  the  op- 
posite corner,  andi prepared  to  develop  a  gravel  pit  for 
I'oad  material.  Soon  after  this  purchase  had  been  ef- 
fected, the  deepening  excavation  of  the  street  railway 
company's  pit  disclosed  the  fact  that  gravel  was  lim- 
ited to  the  topmost  three  or  four  feet  of  the  plain  and 
that  beneath  that  it  was  all  sand.  The  town  pit,  ac- 
cordingly has  never  been  opened.  It  is  true  that  sink- 
ing of  test  holes  to  a  greater  depth  than  is  usual  might 
liave  prevented  tliis  poor  investment  of  town  funds; 
but  it  is  also  true  that  the  shallowness  of  the  gravel 
deposit  could  have  been  foretold  by  anyone  acquainted 


with  tlie  geological  history  of  these  broad  washplains. 
Such  knowledge  is  so  easily  acquired  that  it  is  absurd 
to  ignore  the  practical  value  of  it. 

There  can  be  no  question  of  the  value  to  any  high- 
way department  of  a  detailed  sui'vey  of  road  materials. 
If  the  material  in  any  deposit  proves  to  be  inferior, 
it  stands  to  reason  that  there  is  a  cause  for  the  inferi- 
ority. The  thorough  knowldege  of  these  causes, 
whether  they  are  conditions  of  bed-rock  or  glacial  geo- 
logy should  be  obtained.  For  this,  the  employment  of 
n  comijetent  geologist  is  absolutely  neces.sai'y.  No  well 
organized   testing  laboratoj-y  should  be  without  one. 

The  testing  laboratoiy  should  become  a  clearing 
house  of  information  to  which  the  engineer  may  refer, 
as  often  as  new  construction  projects  call  for  xhe  selec- 
tion of  material  anywhere  in  the  state.  Tui'ning  to 
the  colored  geological  map  the  engineer  sees  at  once 
whether  the  conditions  of  bed-rock  and  glaciation  are 
such  as  to  favor  the  occurrence  of  strong  or  weak 
gravels.  Colored  pins  on  the  map  tell  him  the  location 
and  general  quality  (in  terms  of  stringth)  of  all  sam- 
ples already  collected  studied  fi-om  that  district.  A 
number  on  each  pin  indicates  the  laboratory  test  num- 
ber of  that  sample.  Reference  to  the  files  to  the  cards 
bearing  these  numbers  aiTords  the  more  exact  record  of 
the  .sitone  counts  and  the  abrasion  tests.  These  facts 
enable  the  engineer  to  turn  in  the  right  direction  in 
his  search  for  gravel,  avoiding  loss  of  time  through 
search  where  gravels  are  weak  and  looking  rather  for 
banks  where  stronger  gravels  must  be  expected.  If 
his  own  knowledge  of  occurrence  of  gravel  deposits 
there  is  incomplete,  he  may  call  in  the  geologist  for 
consultation  or  for  a  special  field  reconnaissance.  In 
this  way,  the  best  sources  will  not  be  overlooked. 
Samples  are  then  collected  from  the  more  promising 
banks.  Finally,  the  tests  run  on  these  samples  by  the 
laboratory  ^^all  mainly  determine  the  choice.  Ques- 
tions of  amount  available,  relative  economy  of  operat- 
ing different  banks,  etc.,  will  be  left  to  the  highway 
engineer  and  the  administration  officer.  In  short,  the 
process  of  discovery  and  selection  of  gravel  is  scientific 
instead  of  haphazard. 


UNIVERSITY  OF  ILLINOIS  SHORT 

COURSE  IN  fflGHWAY  ENGINEERING 

The  ninth  annual  short  course  in  highway  engineer- 
ing will  be  held  by  the  Department  of  Civil  Engineer- 
ing of  the  University  of  Illinois,  Urbana,  on  Feb.  20  to 
24.  Espeeal  attention  will  be  given  to  county  road 
problems,  particularly  those  arising  imder  the  laws 
passed  by  the  last  session  of  the  state  legislature,  which 
have  added  greatly  to  the  powers  and  duties  of  the 
counties. 

The  Division  of  Highways  of  the  Illinois  Department 
of  Public  Works  and  Buildings  is  actively  cooperat- 
ing in  the  work  of  the  short  course  and  many  of  the 
engineers  connected  with  the  Division  of  Highways 
will  make  addresses. 

The  sessions  are  open  and  there  are  no  fees  charged. 


104 


GOOD    ROADS 


February  15,  1922 


Uniform  Legislation  as  Affecting  Highway 
Traffic  and  Highway  Transport* 


By  D.  C.  FKNNERt 


Any  discussion  and  undei'Standing  ot°  unifomi  legis- 
lation as  affecting  highway  traffic  and  highway  trans- 
port must  be  based  upon  a  thorough  knowledge  of  the 
political  structure  of  the  governmeiital  units  in  which 
highway  traffic  and  highway  transport  prevail.  This 
observation  seems  almost  axiomatic  and  periiaps  super- 
fluous, yet  too  often  in  voicing  the  desirability  and 
need  for  uniform  motor  vehicle  legislation  we  over- 
look the  fact  that  motor  vehicles  in  their  operation 
pass  through  the  border  lines  of  and  come  in  turn 
under  the  jurisdiciton  of  municipalities,  counties  and 
states. 

As  for  municipal  control  over  highway  traffic  and 
highway  transport,  the  kind  and  degree  of  such  con- 
trol is  dependent  either  upon  the  constitutional  rights 
which  any  state  may  give  to  its  municix>alities,  or  else 
upon  the  laws  which  states  have  enacted  delegating 
more  or  less  of  their  own  power  on  the  subject  to  some 
or  all  such  municipalities. 

While  it  is  true  that  as  a  general  rule  the  municipal- 
ities may  not  enact  ordinances  regulating  highway 
traffic  and  highway  transport  along  lines  in  conflict 
with  the  provisions  of  the  general  state  motor  vehicle 
laws,  neverthelc.'^s,  there  are  numerous  important  ex- 
ceptions to  this  rule.  Then,  too,  there  are  matters 
such  as  the  regulation  of  motor  vehicle  oi>eration  in 
front  of  schools,  churches,  and  on  fire  streets,  etc., 
which  are  matters  of  local  concern  and  are  usually 
loft  to  the  municipalities  for  regulation. 

By  a  process  of  elimination,  therefore,  we  arrive  at 
the  fact  that  under  present  conditions  ultimate  control 
in  the  matter  of  legislation  governing  highway  traffic 
and  highway  transport  lies  in  the  legislature  of  our 
various  states.  It  is  to  these  state  legislatures,  there- 
fore, that  in  last  analysis  we  must  look  for  that  vital 
and  important  and — namely,  uniformity  of  motor  ve- 
hicle laws  and  uniformity  of  enforcement. 

Unifonn  legislation  does  not  mean,  necessarily,  that 
all  states  should  adopt  one  and  the  same  law,  identical 
in  all  their  provienons.  This  might  be  consdered  the 
ideal  condition,  but  from  a  practical  standpoint,  it  is 
not  necessary. 

What  is  needed,  however,  is  unifonnity  in  those  sec- 
tions of  the  state  laws  that  deal  with  definition  of 
terms,  traffic  regulations,  hand  signals,  qualifications 
for  drivers,  size  and  weight  restrictions,  obligatory 
equipment  of  a  vehicle,  headlight  law,  the  denomina- 
tions and  disposition  of  license  fees. 

Let  us  take  a  specific  instance  to  illustrate  this  point. 

•Paper  presented  at  the  Nineteenth  Annual  Convention 
of  tbe  American   Koad   Builders'   Association. 

tMaoager,  Public  Works  Department,  International 
Motor  Company. 


From  the  standpoint  of  the  trucking  business,  wliicli 
is  today  assuming  very  large  proportions,  no  factor 
is  more  important  than  that  tllie  various  states  and 
their  political  sub-divisions  should  impose  one  and  the 
same  set  of  rules  and  regulations  governing  the  weight 
limits  which  such  trucks  are  allowed  to  carry.  A  very 
eneoui-agiug  procedure  in  the  states  of  Connecticut 
and  New  Jersey  resrtricts  the  load  upon  a  motor  truck 
to  the  manufacturer's  rated  capacity  of  the  vehicle. 
As  tlie  eiifoi-cement  of  tiliis  provision  will  absolutely 
prevent  overloading,  it  gives  the  manufacturers  a 
chance  to  cooi)erate  with  the  state  highway  engineers 
in  tlie  design  and  proper  rating  of  vehicles  for  the  pro- 
tection of  the  liighways. 

The  standard  specifications  for  a  motor  truck  chassis 
now  contains  the  allowable  gross  weight  of  the  chassis, 
body  and  load,  and  alo  the  actual  chassis  weight.  It  is 
possble  that  these  two  weights  will  be  tlie  only  ones 
stamped  on  the  truck  caution  plate  by  the  manufac- 
turer, and  that  the  actual  weight  of  body  and  the 
resultant  pay  load  capacity  must  be  stamped  on  the 
plate  by  the  owner  of  the  truck  before  he  can  obtain 
his  vehicle  license  plates.  Similarly  in  the  operation 
of  passengei-  cars  there  arc  virtually  as  many  laws 
on  the  subject  of  head  lamps  and  head  lighting  as 
there  are  states  in  the  Union,  and  no  one  starting  out 
on  a  tour  is  able  to  be  sure  that  perhaps  at  any  moment 
or  at  any  place  he  will  not  be  arrested-  and  severely 
penalized  for  the  breach  of  some  law  or  regulation  at 
variance  with  the  ones  of  his  own  state  with  which  he 
is  familiar  and  whose  observation  has  become  a  matter 
of  habit. 

This  wide  variation  in  state  vehicle  laws  and  the  un- 
satisfactory conditions  resiilting  tlierefrom  are  greatly 
aggravated  when  there  arc  local  ordinances  additional 
to  or  at  variance  with  those  laid  down  in  the  state 
laws.  Obviously,  therefore,  the  commercial  operation 
of  a  motoi'  vehicle,  even  within  the  confines  of  a  state 
becomes  more  or  less  of  a  gamble. 

The  remedy  for  those  unsatisfactory  conditions  lies. 
of  course,  in  unifonnity  of  state  laws  having  to  do 
with  the  operation  of  motor  vehicles  and  uniformity 
in  county  or  other  municipal  ordinances.  Further- 
more, the  local  ordinances  must  in  every  respect  con- 
form to  the  general  principles  set  forth  in  the  uniform 
state  law.  Several  movements  to  accomplish  this  end 
have  been  begun,  but  the  one  which  has  attracted  the 
most  support  and  has  gained  the  greatest  headway  is 
that  which  is  now  being  sponsored  and  furthered  by 
the  Motor  Vehicle  Conference  Committee,  an  organi- 
zation composed  of  representatives  from  the  American 
Automobile  Association,  Motor  and  Accessory  Manu-. 
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facturei-s'  Association,  National  Automobile  Cliamber 
of  Oommerce,  National  Automobile  Dealers'  Associa- 
tion of  America,  and  the  Trailer  Association  of  Amer- 
ica. Their  views  on  the  matter  of  uniform  state  legis- 
lation are  set  forth  in  a  so-called  proposed  Uniform 
Motor  Vehicle  Law  and  Proposed  Uniform  Anti-Theft 
law.  To  be  sure,  those  measures  contain  many  fea- 
tures to  which  persons  have  taken  exception,  and  it 
is  quite  possible  to  point  out  sins  of  commission  and 
omission  in  their  provisions.  Nevertheless,  their  rec- 
ommendations reflect  the  views  of  able  and  experienced 
men  in  matters  having  to  do  with  liighway  traffic  and 
hig'hway  transport,  and  it  is  gratifying  to  know  that 
many  of  the  recommendations  of  these  two  proposed 
laws  are  finding  their  way,  if  not  verbatim,  at  least  in 
principle,  into  many  of  the  laws  of  our  various  states. 
More  important,  however,  than  this  is  the  fact  that 
the  extensive  and  intensive  work  that  has  been  done  in 
advocating  the  proposed  Uniform  Vehicle  Law  and 
Proposed  Anti-Theft  Law  have  brought  home  to  the 
public  and  their  law  makers  the  fact  that  the  time  has 
come  when  uniformity  in  the  regulation  of  highway 
traffic  and  highway  transport  is  absolutely  necessary 
for  the  safety  and  convenience  of  vehicular  and  pedes- 
trian traffic.  In  consequence,  I  bespeak  your  interest  in 
and  strong  support  for  every  movement  throughout 
the  United  States  which  has  this  end  in  view  and  based 
upon  specific  principles  of  faii-ness  and  justice  to  all 
concerned. 


The  Road  in  Verse 

The  following,  credited  to  Ernest  Kidder,  was 
quoted  by  P.  E.  Doolittle,  President  of  the  Canadian 
Automobile  Association,  in  the  course  of  a  paper  en- 
titled, "The  King's  Highway,"  presented  at  the  last 
meeting  of  the  Michigan  State  Good  Roads  Asso- 
ciation at  Flint: 

Deductive  History 

The  manners,  methods  and  modes 
Of  building  Caesar's  Roman  roads 
Are  hidden  by  their  early  date, 
And  archaeologists  debate, 
In  terms  unmeaning  to  the  mob, 
Just  how  old  Caesar  "done  the  job." 

But  there  are  certain  episodes 

Linked  with  the  paving  of  these   roads 

Which  any  half-way  occult  eye 

Can  see  at  once,  if  it  will  try. 

For  instance,  Casca   (jealous  brute!) 

Inspired  an  injunction  suit. 

The  Knocker's  League  of   Southern   Gaul 

Just  couldn't   stand   for   roads  a-tall ; 

The  village  merchants  were  afraid 

Good  roads  would  hurt  their  local  tradp. 

Of  course  they  couldn't  meet  the  terms 

Of  those  mail  order  Roman  firms. 

The   legislation  was  delayed 

While   Brutus   urged   a  change   of   grade, 

And  Cassius  called  it  a  disgrace 

To  have  his  pretty  country  place 

All  littered  with  a  greasy  bunch 

Of  Tuscan  workmen  eating  lunch. 

He  swore  because  they  would  not  let 

Him  drive  before  the  grout  was  set, 

And  Caesar,  worried  half  to  death, 

Was  called  a  grafter  with  each  breath. 


But  these  unpleasant  episodes 
Stopped   with  completion  of   the  roads. 
Voung  bloods,  from  Romu  to  Brittany, 
Went  joy  riding  twice  a  day; 
The  merchants  in  the  far  backwoods 
,    Put  in  a  line  of  chariot  goods. 
The   farmers  worked  a  whole  lot  less 
And  one  and  all  they  rose  to  bless 
Friend   Julius.     And    the    folks   in    town, 
They  offered  him  a  kingly  crown. 

Later  in  the  paper,  in  describing  English  road  con- 
ditions in  the  latter  part  of  the  18th  century.  Dr.  Doo- 
little quotes  the  subjoined  verse,  said  to  have  been 
written  by  Robert  Burns  after  the  completion  of  a 
long  and  tiresome  journey : 

I've  arrived  at  last,  thanks  to  the  gods, 

O'er  hig:hways  rough  and  muddy, 

A  certain   sign  that  making  roads 

Is  not  this  people's  study, 

And  though  I'm  no  on  Scripture  learned, 

I'm  sure  the  Guid  Book  says 

That  heedless  sinners  shall  be  damned 

Unless  they  mend  their   ways. 


LARGE  ROAD  MILEAGE  BUILT  LAST  YEAR 

Eleven  thousand  nine  hundred  and  thirty  miles  of 
Federal-aid  roads  were  constructed  under  the  joint  su- 
pervision of  the  Federal  Government  and  the  States 
during  1921,  according  to  reports  of  the  Bureau  of 
Public  Roads  of  the  United  States  Department  of  Ag- 
riculture. Federal  money  amounting  to  $94,057,089 
was  alloted  to  these  roads,  the  total  cost  of  which  was 
$231,963,682.  In  this  mileage  there  is  included  8,595 
mi.  in  projects  wholly  completed  and  the  equivalent  of 
3,335  mi.  of  work  done  on  projects  which  are  not 
wholly  completed.  Every  state  shared  in  the  benefits 
of  this  work. 

The  projects  under  way  during  the  year  amounted 
to  31,228  mi.  which  was  about  one-half  of  all  the  road 
work  carried  on  in  the  United  States  during  the  year. 
A  fair  idea  of  the  magnitude  of  the  road  work  done 
under  the  supervision  of  the  Department  of  Agricul- 
ture last  year  may  be  gained  when  it  is  undersood 
that  the  total  mileage  is  considerably  more  than  enough 
to  encircle  the  earth,  that  it  is  equal  to  more  than  10 
per  cent  of  all  the  improved  roads  previously  existing 
in  the  United  States,  and  that  it  is  equal  to  nearly 
eight  per  cent  of  the  entire  road  system  of  France.  At 
this  rate  we  would  be  able  to  build  the  equivalent  of 
France's  entire  road  system  in  12  years. 


ROAD  INFORMATION  HARD  TO  OBTAIN 

With  the  annual  expenditure  for  roads  and  streets 
in  the  United  States  approaching  the  billion-dollar 
mark,  more  accurate  information  and  better  means  for 
obtaining  it  seem  necessary,  says  the  Bureau  of  Pub- 
lic Roads  of  the  United  iStates  Department  of  Agricul- 
ture. One  thing  very  miich  needed  is  the  concentra- 
tion of  all  sorts  of  information  and  statistics  concern- 
ing the  roads  of  the  various  states  in  the  state  high- 
way departments. 

Engineers  of  the  department  are  now  gathering  com- 
plete information  regarding  the  road  mileage  and  ex- 
penditures in  the  United  States.    In  many  of  the  states 
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iiiueli  of  the  infonuatioii  dosirod  is  easily  obtainable 
from  the  state  highway  tiepartineut.  In  tlie  case  of 
Iowa  the  figiires  were  obtained  almost  immediately.  In 
other  eases  it  has  been  neeessary  to  send  out  numer- 
ous questionnaires  and  sometimes  the  information  has 
been  obtained  only  after  personal  visits.  In  one  state 
1,800  questionnaires  had  to  be  sent  out  to  bring  in  the 
needed  figrures,  and  in  some  it  has  been  found  that 
practieally  no  records  have  been  kept.  For  some  of 
the  counties  in  New  Jlexico  questionnaires  had  to  be 
translated  into  Spanish  befoio  the  road  oflReials  could 
understand  them. 


MEETINGS 

Calendar  of  Coming  Meetings 

Feb.  12-17 — Conference  on  Highway  Engineering. — 
Eighth  Annual  Conference,  University  of  Michigan,  Ann 
Arbor,  Mich. 

Feb.  21-22 — Kentucky  Association  of  Highway  Ck>n- 
tractors — Annual  meeting,  Louisville,  Ky.  Secretary, 
D.  R.  Lj'man,  Louisville,  Ky. 

June  4-6 — American  Association  of  Engineers— An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary,  C.  E. 
Drayer,  63  E.  Adams  St.,  CSiicago,  111. 

June  26-July  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineers'  Club  BIdg.,  Phila- 
dephia,  Fa. 


rURTHEB  FEDERAL  AID  URGED 

BY  WASHINGTON  CONFERENCE 

Coordination  of  the  tliree  major  forms  of  transpor- 
tation 80  that  railways,  waterways  and  highways  may 
each  carry  the  kind  of  traffic  that  it  can  most  econom- 
ically, expeditiously  and  efl&cieutly  serve  was  urged 
by  President  llarding's  agricultural  conference  lield 
recently  in  Washington. 

Country  highways,  declared  the  agriculturalists,  are 
the  farmers'  first  and  principal  means  of  marketing 
their  products.  They  are,  it  was  declared,  the  arteries 
of  the  economic  and  social  system  of  the  country  and 
on  their  condition  rests  the  amount  of  transportation 
charge  that  must  be  added  to  the  gross  cost  of  farm 
products. 

The  attention  of  the  country  was  called  to  the  heavy 
loflMs  now  sustained  by  farmers  on  account  of  bad 
roads  and  to  the  economic  and  social  benefits  which  ac- 
crue to  them  and  to  the  people  of  the  whole  country 
ati  a  result  of  general  road  improvement.  The  confer- 
ence declared  that  farmers  ought  to  be  able  to  haul 
to  markets  twice  as  much  and  twee  as  often  as  he 
has  been  able  to  do  so  in  the  past  and  that  if  the  farmer 
is  to  help  influence  the  price  of  his  products  by  not 
dumping  them  on  the  market  for  fear  of  unseasonable 


wciilhcr,  he  iiiiisl  control  tlie  condition  of  the  roads  to 
his   niai'kets. 

To  hriiifr  alxtut  the  general  improvement  of  liigli- 
ways  and  to  facilitate  the  farmers'  marketing  prob- 
lem, the  conference  went  on  record  as  being  in  favor 
of  liighway  research  by  Federal,  State  and  college  au- 
thorities to  the  end  that  traffic  on  liigliways  may  be 
regulated  according  to  the  facts  developed. 

Congress  was  urged  to  continue  Federal  aid  for  the 
building  of  interstate,  ])0stal  and  the  farm-to-market 
roads  and  to  appropriate  adequate  funds  for  a  definite 
period  so  that  the  states  may  plan  equitable  coopera- 
tion. 

The  conference  urged  that  every  possible  effort  be 
made  to  promote  safety  of  life  and  limb  on  the  high- 
ways and  that  as  economy  of  transportation  depended 
on  well-kept  iiighways  that  all  possible  safeguards 
.should  be  ])laced  about  the  maintenance  of  the  roads. 

Realizing  that  traffic  conditions  are  rapidly  chang- 
ing and  that  road  building  is  now  an  important  en- 
gineering and  bu.siness  undertaking,  the  conference 
urged  that  all  partisan  or  political  considerations  in 
sucli  work  must  bo  eliminated. 


PERSONAL  MENTION 

Maurice  L.  McKenna,  formerly  city  engineer  of 
Bridgeport,  Conn.,  and  for  the  past  four  years  superin- 
tendent of  construction  for  that  city,  has  resigned. 

Col.  James  Milliken  has  been  elected  president  of 
the  Pittsburgh  Testing  Laboratory,  Pittsburgh,  Pa., 
succeeding  Geo.  H.  Clapp,  resigned. 

William  Ord  has  resigned  as  manager  of  the  paving 
department  of  the  Lakewood  Engineering  Company, 
Cleveland,  0. 

W.  A.  Alexander  has  been  appointed  district  engineer 
for  the  Portland  Cement  Association,  with  headquar- 
ters at  Helena,  Mont. 

A.  C.  Love  has  resigned  as  division  engineer  of  the 
Texas  State  Highway  Department  and  has  been  ap- 
pointed county  engineer  of  Jeiferson  County,  Texas. 


OBITUARY 


Walter  A.  Cook,  vice-president  and  general  manager 
of  the  Acme  Road  Machinery  Company,  Frankfoi-t, 
N.  Y.,  died  at  his  home  in  that  city  on  Jan.  23.  Mr. 
Cook  was  one  of  the  pioneer  manufacturers  of  road 
machinery  in  this  country. 

John  A.  George,  formerly  City  Engineer  of  East  Liver- 
pool, 0.,  died  recently  at  the  age  of  82  years. 
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Concrete  Roads 
must  be  Reinforced 

It  is  demonstrated  beyond  doubt  that  to 
make  concrete  roads  proof  against  heavy  motor 
traffic,  weather  and  time  a  fabric  of  steel 
must  be  incorporated  in  the  concrete. 

Several  great  States  have  so  ruled. 
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THE    DU    PONT    COMPANY  leads  the  way  in  the  pro- 
duction of  more  efficient  and  more  economical  explosives. 
In    Dumorite,    its   latest   achievement,    it   has   made  possible 

a  great  step  in  the  reduction 
of  explosive  costs 

Dumorite  is  a  new  money-saving  dynamite  which  gives  you  over 
^  more  work  for  your  dollar — a  guncotton-nitroglycerin  dyna- 
mite without  a  headache — a  non-freezing  dynamite  which  can 
be  used  successfully  at  any  temperature. 

Dumorite  has  approximately  the  same  strength  as  40%  dyna- 
mite and  does  the  same  work,  stick  for  stick.  And  you  can  buy 
135  to  140  sticks  of  Dumorite  at  the  same  price  as  100  stidks 
of  40%. 

Ask  the  Du  Pont  Explosives  Service  Department  through  our 
nearest  branch  office  how  Dumorite  can  be  used  in  your  work. 
Ask  that  question  in  a  letter  outlining  your  requirements.  Find 
out  how  this  new  development  in  explosives  manufacture  can 
cut  your  blasting  costs  for  1922. 

E.  I.  du  Pont  de  Nemours  &  Co.,  Inc. 

Explosives  Department,  Sales  Division 

Wilmington,  Delaware 
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Minnesota  Builds  Roads  Under  Babcock  Plan 


The  Babcock  plan  of  liigliway  development  in  Min- 
nesota is  attracting  wide  attention,  partially  because 
of  results  during  the  first  six  months  of  operation. 
Graded  and  gravel  surfaced  mileages  on  Minnesota's 
primary  system  of  highways  have  been  increased  40 
per  cent  and  the  paved  mileage  lias  been  almost 
doubled,  over  improvements  listed  when  it  was  trans- 
ferred to  the  state.  Relieved  of  the  expensive  burden 
of  arterial  highway  construction  and  upkeep,  coun- 
ties and  towns  liave  more  funds  available  for  use  on 
the  secondary  system  or  feeder  roads. 

State  Highway  Commissioner  Babcock  indicates  con- 
fidence that  with  public  interest  and  support  contin- 
ued, Minnesota  within  comparatively  few  years  may 
advertise  to  the  world  a  complete  system  of  adequate 
higliways— may  add  good  roads  to  its  ten  thousand 


lakes,  virgin  pine  forests  and  other  attractions  upon 
whicli  rest  its  claim  to  recognition  as  America's  sum- 
mer playground. 

The  Babcock  plan  was  brought  out  by  rapidly  in- 
creasing motor  vehicle  traffic,  which  demanded  mod- 
ern roads  as  it  wore  out  the  old  turnpikes.  Counties 
and  towns  were  spending  every  dollar  available  to 
keep  main  roads  passable  under  the  growing  grind  of 
lieavy,  high-powered  cars  and  secondary  roads  were 
more  or  less  neglected.  The  necessity  of  providing 
adequate  roads  was  generally  recognized ;  nevertheless, 
increases  in  road  tax  levies  were  opposed. 

Commissioner  Babcock  presented  his  plan. 

"Let  wheels  using  the  highways  pay  a  fair  share 
of  road  improvement  and  upkeep  expense,"  he  pro- 
posed.    "Put  a  heavier  tax — the  average  was  $10.60 
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a  yoar,  iucludiug  the  license  fee  of  $5  for  three  years 
— on  each  automobile  and  truck  and  use  the  proceeds 
tc  build  up  and  maintain  the  trunk  highways.  Good 
roads  will  enable  car  ownere  to  save  more  than  the 
tax  on  repairs,  tires,  gasoline." 

The  automobile  oimers  favored  the  idea.  Engin- 
eers' test  had  demonstrated  big  savings  possible  in  tlio 
operation  of  motor  vehicles  on  good  roads  over  poor 
roads.     Motorists  wanted  good  roads. 

"Use  the  motor  vehicle  tax  revenue  and  Federal 
highway  aid  on  the  trunk  roads,"  Conunissioner  Bab- 
cock  continued.  "Leave  the  counties  and  towns  all 
local  tax  funds  and  state  highway  aid  for  the  sec- 
ondary or  feeder  roads.  Without  the  exi)ense  im- 
posed by  the  main  highways,  they  will  be  able  to  ade- 
quately improve  and  maintain  the  feeders.  It  is  pri- 
marily a  farm-to-market  roads  plan." 

Farmers,  too,  favored  the  plan  as  it  was  understood, 
business  and  professional  men  and  other  citizens  fell 
into  the  line.    Good  roads  represented  an  urgent  need. 

Pioneering  for  Good  Roads 

Charles  M.  Babcock  was  a  mercliant  and  associate  in 
various  enterprises  in  the  picturesque  town  of  Elk 
Eiver,  40  mi.  north  of  Minneapolis  and  St.  Paul.  Bent 
upon  extending  the  trade  territory  of  the  town,  he  had 
been  instrumental  in  effecting  improvement  of  a  road. 
The  result  exceeded  even  his  own  best  expectations. 
It  demonstrated  that  farmers  would  drive  many  mile.-, 
over  a  good  road  rather  than  a  few  miles  over  a  poor 
road  to  a  trading-point.  Business  increased  accord- 
ingly in  Elk  River,  at  the  end  of  the  better  road. 

Mr.  Babcock  undertook  other  like  projects  whicli 
further  established  the  tremendous  value  of  good  roads. 
He  found  the  hobby  fascinating  and  was  impressed 
with  the  great  possibilities  offered  by  adequate  high- 
way development  in  the  North  Star  state.  He  was 
prevailed  upon  then  to  accept  a  commissionership  on 
the  state  highway  board. 

The  Minnesota  Highway  Commission  was  created  in 
1905  and  George  W.  Cooley,  now  deceased,  was  ap- 
pointed state  highway  engineer.  He  spread  the  good 
roads  gospel  with  the  assistance  of  Robert  C.  Dunn, 
country  neivspaper  editor,  state  auditor  and  senator. 
who  died  just  before  Mr.  Cooley,  and  of  John  H.  Mul- 
len, now  depaty  commissioner  and  chief  engineer  of 
the  highway  department. 

Senator  Dimn  sponsored  the  bill  for  the  constitu- 
tional amendment  which  created  a  state  highway  aid 
fond  with  the  proceeds  of  a  1-niill  general  tax  and 
vrna  designed  to  help  counties  with  comparatively 
low  aMessed  valuations  to  keep  fairly  up  to  the  road 
improvement  pace  set  by  the  "richer"  counties. 

Put  on  Business  Basis 

Public  demands  for  better  highways  became  more 

and  more  pressing.     Funds  were  insufficient  to  meet 

them.     Under  the  state  constitution,  highways  were 

improved  and  maintained  solely  by  counties  and  towns. 


the  state  was  without  authority  to  spend  a  single  dol- 
lar, were  it  available,  on  actual  highway  work. 

Roads  in  Minnesota,  as  in  other  states,  were  years 
behind  traffic  demands  and  going  steadily  backward. 
The  county  system  on  arterial  routes  brought  patch- 
work development  to  emphasize  the  need  of  state  con- 
trol of  inter-  and  intra-state  arteries. 

The  Minnesota  Legislature  of  1919  submitted  to 
popular  vote,  at  the  following  general  election,  Q-ood 
Roads  Amendment  No.  1,  proposing  to  effect  the  Bab- 
cock Plan. 

First,  the  amendment  proposal  Avas  to  create  and 
establib'h  a  system  of  trunk  highways  to  be  construct- 
ed, improved  and  maintained  forever  by  the  state. 
Specified  routes  approximated  7,000  mi.  and  connect- 
ed county  seats  and  important  towns  of  every  section, 
and  also  the  famous  ten  thousand  lakes,  and  other 
recreational  regions.  Additions  would  be  permitted 
upon  completion  of  75  per  cent  of  the  mileage. 


SliPEKELEVATED     CURVE    ON     MIN.NESOTA    TRUNK 
HIGHWAY 

Secondly,  the  state  trunk  highway  fund  was  cre- 
ated to  finance  trunk  system  operations.  It  included 
federal  aid  allotr-ients  and  the  proceeds  of  a  more 
onerous  tax  on  motor  vehicles  using  the  highways,  in 
lieu  of  personal  property  and  other  levies  except  city 
wheelage  taxes.  A  further  provision  was  for  the  au- 
thorization of  trunk  highway  bond  issues  to  run  not 
to  exceed  20  years  and  to  limit  to  $75,000,000  the 
amount  that  might  be  lawfully  outstanding  at  any 
one  time. 

Borrowed  Funds  Being  Used 

Borrowed  funds  are  being  used  on  the  trunk  sys- 
tem, although  the  state  has  issued  no  highway  bonds. 
To  insure  against  cessation  of  work  by  counties  on  the 
trunk  routes  in  anticipation  of  adoption  of  Amendment 
No.  1,  the  Legislature  of  1919  also  authorized  coun- 
ties, under  certain  restrictions,  to  issue  up  to  $250,000 
each  of  bonds,  proceeds  to  be  expended  on  the  trunk 
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highways,  and  virtually    pledged    reimbursement    by 
the  state.     Many  counties  acted  under  the  law. 

Adopted  by  Huge  Majority 
Good  Roads  Amendment  No.  1,  carrying  adoption 
of  the  Babcock  Plan,  was  passed  Nov.  2,  1920,  by  a 
vote  of  526,936  to  199,603.  The  big  majority  was  at- 
tributed in  part  to  an  educational  campaign  in  which 
tlie  newspapers  of  the  state  took  an  important  part, 
and  which  was  directed  by  the  Minnesota  Highway 
Improvement  Association. 

The  association  was  a  semi-public  corporation 
formed  by  state  officials  and  good  roads  advocates  and 
included  representative  citizens  in  every  locality  in 
the  state. 

Making  it  the  people's  fight  for  adequate  highways, 
the  association  obtained  funds  by  popular  subscrip- 
tion. Contributions  came  from  commercial  and  civic 
organizations,  farmers'  clubs  and  hundreds  of  indi- 
vidiials.      County    doctors    driving    on    difficult    roads. 
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periodically  raised  their  subscriptions,  as   did  others 
[toward  making  more  certain  the  adoption  of  the  good 
oads  amendment. 

Less  than  $100,000  was  raised  and  used  by  tbe  as- 
sociation— the  total  being  relatively  smaller  than  the 
amounts  employed  for  like  campaigns  in  other  states. 
A  bureau  of  speakers  was  organized  and  millions  of 
pieces  of  literature  were  circulated.  "Virtually  every 
newspaper  in  the  state  gave  columns  to  the  plan  and 
many  solicited  funds  to  run  display  advertisements  at 
reduced  rates. 

Legislature  Ratifies  Amendment 

The  Babcock  plan  was  made  effective  by  acts  of  the 
Legislature  of  1921. 

Motor  vehicle  tax  schedules  were  given  extensive 
study  by  legislative  committees.  Rates  finally  adopted 
were  based  upon  factory  list  prices  with  depreciation 
allowances  of  25  per  cent  for  3  and  4-year-old  ma- 


chines, and  50  per  cent  on  cars  5  years  old  or  older. 
The  passenger  car  rate  is  2  per  cent  with  a  $12 
minimum,  and  the  trunk  rate  2l^  per  cent,  $15  mini- 
mum. The  average  was  estimated  at  less  than  $20  a 
year.  Dealers  are  assessed  $25  a  year  for  licenses  and 
charged  nominal  fees  for  extra  license  plates  for  cars 
which  can  be  used  lawfully  only  for  actual  demonstra- 
tion purposes.  Dealers  in  used  cars  must  pay  regular 
rates  on  cars  remaining  in  their  possession  after  No- 
vember 1.  Taxes  for  the  last  six  months  each  year 
are  at  half  rates.  Penalties  attach  for  delayed  pay- 
ments. Motor  vehicle  taxes  are  collected  and  license 
plates  issued  by  the  secretary  of  state. 

General  highway  statutes  were  completely  recodi- 
fied to  correlate  new  sections  with  those  affecting  the 
local  highway  authorities.  The  measures  were  passed 
with  big  margins  in  both  branches  of  the  legislature. 
Highway  Prograjn  Speeded 
Governor  J.  A.  0.  Prues  signed  the  bills  April  25 
and  announced  the  reappointment  of  Commissioner 
Babcock  under  the  new  laws  effective  immediately. 

Commissioner  Babcock  named  Mr.  Mullen  chief  dep- 
uty and  highway  engineer.  Experienced  men  already 
identified  with  the  department  were  retained,  and  the 
list  included  J.  T.  Ellison,  bridge  engineer,  W.  F.  Ros- 
enwald,  maintenance  engineer,  0.  L.  Kipp,  construc- 
tion engineer,  and  F.  C.  Lang,  engineer  in  charge  of 
tests  and  laboratories. 

From  the  small  nucleus,  a  greatly  enlarged  adminis- 
trative force  was  built  up.  County  road  engineers, 
familiar  with  local  conditions  in  various  sections  were 
added  to  the  staff,  filling  the  positions  of  eight  divi- 
sion engineers  and  sixteen  district  maintenance  su- 
perintendents. Offices  of  the  highway  department 
spread  to  spaces  on  six  floors  of  a  St.  Paul  building; 
then  a  capitalist  friend  offered  to  erect  the  depart- 
ment a  home  which  is  nearing  completion  now. 
Effective  Maintenance  Firet 
"The  first  move  must  be  toward  putting  and  keep- 
ing every  part  of  the  7,000-mi.  trunk  system  in  good, 
passable  condition,"  Commissioner  Babcock  ordered. 
Immediate  steps  followed  to  put  into  the  field  a  main- 
tenance force  organized  along  lines  worked  out  sev- 
eral years  previously. 

The  purpose  was  to  extend  early  benefits  to  every 
locality  of  the  state  by  providing  a  constant-duty 
patrolman  for  each  5  mi.  section  of  the  trunk  highway 
system.  Every  patrolman  must  live  on  or  near  his 
"beat"  and  furnish  his  own  team  or  tractor,  grader, 
drags  and  other  tools..  The  going  wage  is  paid  the 
patrolmen  and  they  receive  an  allowance  for  rental 
of  equipment,  the  latter  method  being  adopted  to  in- 
sure better  care  of  tools. 

More  than  1,200  patrolmen  wer^  covering  about 
6,200  mi.  out  of  the  7,000-mi.  system  within  sixty  days, 
according  to  official  records.  In  some  eases  the  patrol- 
men worked  to  disadvantage  at  the  start  because  of 
poor  foundations,  and  state  fleets  of  heavy  outfits  were 
ready  to  help  them. 
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War  Equipment  in  Service 
Fleets  were  made  up  ol'  50  tractors  and  150  trucks, 
part  of  the  surplus  war  equipuieut  turned  over  by  the 
I".  S.  Bureau  of  Publu-  Koads.  Tlie  trucks  were  over- 
hauled and  fitted  with  hoist  bodies  for  handling  gravel, 
and  the  trucks  converted  to  constructive  work,  in 
big  machine  shops  maintained  by  the  highway  depart- 
ment on  the  state  fair  grounds. 

Extensive  use  of  heavy  machineiy  made  a  sharp 
demarcation  between  the  old  and  new  methods  on 
trunk  highwaj-s.  Tiie  combined  equipment  was  founil 
equal  to  dressing  up  roads  at  the  rate  of  5  mi.  a  day. 
The  tractors  drawing  heavy  blades  would  shape  up  and 
make  a  good  wheel  track  and  the  trucks  follow  on  to 
add  a  surfacing  of  gravel. 

New  construction  projects  were  undertaken  with  the 
maintenance  plans  well  started. 

New  construction  projects  were  listed  by  the  execu- 
tives in  the  field.  Orders  were  vdred  to  St.  Paul  head- 
quarters. Survey  parties  were  rushed  out  in  all  di- 
rections to  procure  necessary  engineering  data.  When 
undertakings  were  ready  and  estimates  at  $1,000,000, 
the  group  was  advertised  for  bids  and  wide  competi- 
tion was  obtained. 

The  low  bids  were  most  reasonable,  engineers  an- 
nounced at  the  time.  Paving  was  contracted  as  low 
as  $28,300  a  mile,  while  other  states  were  reported 
fighting  for  proposals  under  $30,000  a  mile  without  suc- 
cess. Correspondingly  low  figures  were  secured  on 
grading  and  gravel  surfacing,  ranging  from  40  to  50 
per  cent,  under  those  paid  by  counties  the  year  before 
and  almost  back  to  pre-war  levels,  it  was  stated. 
Operations  in  Full  Swing 
As  in  the  maintenance  department,  in  the  construc- 
tion department  progress  charts  on  July  15  showed 
contract  jobs  under  way  on  a  large  scale.  Nearly  75 
projects  running  well  above  $5,000,000  were  going  for- 
ward in  almost  as  many  widely  distributed  sections  oi 
the  state. 

One  big  handicap  was  forced  curtailment  of  the 
program  for  the  first  regular  season.  The  state  legis- 
lature had  authorized  no  issues  of  trunk  highway 
bonds  and  federal  highway  aid  was  not  forthcoming 
as  anticipated. 

Reimbursement  bonds,  previously  referred  to,  had 
been  voted,  however,  by  a  number  of  counties  and 
large  balances  were  available  to  help  the  department 
enlarge  the  first  season  operations. 

County  officials  concluded,  however,  that  in  any 
event  the  state  would  keep  up  and  gravel  the  trunk 
routes,  and  insisted  as  a  rule  that  bond  money  be  used 
for  hard-surfacing.  This  resulted  in  an  abnormal 
amount  of  paving  during  1921. 

Approximately,  $7,500,000  of  reimbursement  bond 
money  was  used  and  some  counties  gained  precedence 
in  local  improvements  on  the  system. 

Funds  Exceed  $28,000,000 
Under  the  new  scheme,  Minnesota  was  using  morf 
than  $28,000,000  a  year  for  road  building  and  main 


tenanee,  against  about  $16,500,000  maximum  under  the 
old  plan. 

Motor  vehicle  tax  revenues  were  running  up  to  the 
$6,000,000  total  expected,  and  with  the  reimbursement 
bond  money,  the  trunk  funds  aggregated  $13,500,000. 
Federal  aid  later  added  $2,123,000  to  the  trunk  fund. 
Counties  and  towns  wei-e  fui-nisijied  more  than  $12,500,- 
000  for  exclusive  use  on  the  secondary  highway  system 
—about  $11,000,000  of  local  tax  revenues  and  $1,650,- 
000  of  state  aid. 

When  the  trunk  higliway  system  was  ti'ansferred  to 
the  state  it  was  listed  with  1,499  mi.  graded,  1,371  mi. 
graveled  and  112  mi.  paved,  the  balance  being  in  lesser 
degrees  of  advancement  and  mainly  of  good  dirt  roads. 
Adding  103  miles  of  hard  surfacing,  the  state  depart- 
ment nearly  doubled  the  paved  mileage,  while  the 
gi-aded  mileage  was  extended  by  680  mi.  and  the 
gravel-surfaced  mileage  by  438  mi.  all  within  six 
months.  Also,  maintenance  forces  re-shaped  713  mi. 
and  re-graveled  462  mi. 

The  expenditures  approximated  $4,758,026  for  grad- 
ing, $1,605,122  for  graveling,  $3,549,259  for  paving, 
and  $514,047  for  bridges,  and  with  the  $3,000,000  set 
aside  for  maintenance,  made  the  regxilar  season  total 
of  $13,426,454  on  trunk  routes  and  exclusive  of  better- 
ments on  the  seeondai'y  road  system, 

$4,500,000  of  Winter  Work 
A  ruling  was  given  by  Clifford  L.  Hilton,  Attorney 
General  of  Minnesota,  that  the  collection  of  motor  ve- 
hicle taxes  might  lawfully  be  anticipated  to  match 
federal  aid.  "Comimissioner  Babeock's  tentative  plan  is 
to  use  about  $4,500,000  on  winter  work  to  hasten 
needed  road  improvements  and  prevent  forced  idle- 
ness among  workingmen  and  avert  suffering  among 
their  dependents. 

Bids  early  in  December  last  year  on  44  widely  dis- 
tributed projects  estimated  at  $2,293,500  and  covering 
more  than  300  miles  were  called  for  within  ten  days 
after  Congress  voted  federal  aid.  Deputy  Mullen  con- 
tinued conferences  with  construction  and  division  en- 
gineers to  add  more  jobs  to  the  lists  without  unneces- 
sary delay. 

Heavy  excavating  with  steam  shovels,  distribution 
of  grav^^'l  and  other  materials  predominates  the  work 
proposed  to  furnish  jobs  for  liundreds  of  men. 

Save  for  actual  pennanent  construction,  highway 
funds  are  being  con.served  for  heavy  traffic  season 
benefits,  highway  officials  explained.  Accordingly, 
snow  removal  and  other  winter  work  is  being  limited. 
P^ormal  opening  of  the  first  100  mi.  of  continuous 
pavement  on  t)he  Minnesota  trunk  highway  system  was 
celebrated  last  fall  at  St.  Cloud,  the  northern  terminus 
of  the  paved  way.  Speakers  took  occasion  to  com- 
pliment the  highway  department  on  first  year  achieve- 
ments under  the  Babcock  plan  and  plans  were  reported 
that  the  longest  continuous  pavement  another  year  will 
be  nearly  doubled  in  length. 

The  importance  of  adequate  highways  and  the  bene- 
fits sure  to  follow  them  are  appreciated  in  Minnesota. 
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Asphalt  Specifications- Past,  Present  and  Future' 


By  L.4RCY 

The  mvitation  of  your  president  to  discuss  today  the 
subject  of  asphalt  specifications  recalls  an  early  paper 
by  the  speaker  on  a  particular  phase  of  the  same  sub- 
ject which  was  publisfhed  about  eight  yeare  ago.  That 
paper  discussed  the  increasing  use  of  specifications  in 
connection  with  asphalt  purchases  and  also  the  desir- 
ability of  specifications  as  affording  the  actual  basis 
for  competition  in  prices.  Its  principal  purpose,  how- 
ever, was  to  call  attention  to  certain  analytical  re- 
quirements then  prevailing  in  so  many  specifications 
but  which,  by  reason  of  their  empirical  or  experimental 
character,  rather  tended  to  defeat  the  object  of  a  speci- 
fication. 

Eight  yeare,  however,  is  a  long  interval  in  these  days 
of  improvement  and  we  are  proud  to  say  that  high- 
way const  miction  has  not  lagged  behind  the  wheels 
of  progress  even  though  a  four  years'  world  war  prac- 
tically put  a  stop  to  the  industry.  Xow  that  construc- 
tions are  to  go  forward  with  perhaps  greater  energy 
than  ever,  it  migilit  be  well  to  pause  for  a  moment  and 
consider  the  status  of  our  asphalt  specifications. 

Witli  your  indulgence,  therefore,  the  present  paper 
will  attempt  to  briefly  review  past  developments  and 
offer,  from  the  producer's  standpoint,  a  few  sugges- 
tions as  to  fiiture  improvements. 

I  am  suie  that  I  express  the  sentiments  of  most  re- 
finers in  stating  that  there  has  been  a  great  improve- 
ment in  asphalt  specifications  during  recent  years  and 
that  these  improvements  have  manifested  tliemselves 
not  only  in  the  requirements  proper  but  the  methods 
of  testing  as  well.  Let  us  take  up  these  directions  of 
improvement  in  the  order  named. 

The  early  asphalts  were  the  so-called  native  bitu- 
men.s — few  in  number  and  early  specifications  simply 
designated  brand  or,  more  strictly  speaking,  the  source 
of  original,  leaving  to  the  suppliers  and  contractors 
the  actual  details  of  manipulation.  These  materials  had 
to  be  "fluxed"  or  softened  for  pa\'ing  purposes  and, 
«vith  the  exten.sion  of  the  industry,  specifications  grad- 
ually developed.  They  provided  not  only  for  the  as- 
phalt but  the  residuum  for  fluxing  purposes,  together 
witii  stipulations  as  to  the  finished  asphaltic  cement. 
Later  on  as  these  materials  were  studied  in  the  labora- 
tory, there  were  evolved  .such  physical  tests  as  pene- 
tration, flow  test,  melting  point,  ductility,  brittleness. 
loss  by  evaporation,  flash  point,  etc.  Chemical  tests 
such  as  solubility  in  various  reagents,  petrotenes 
(naphtha  soluble),  sulphur,  paraffine  scale,  fixed  car- 
bon, etc.,  were  also  applied  and  specifications  elabo- 
rated accordingly. 

Upon  the  entrance  of  petroleum  asplialts  into  the 
market  it  was.  to  a  certain  extent,  onlv  natural  that 
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these  materials  were  judged  in  the  light  of  pr^ious 
knowledge.  In  some  respects  they  complied  with  the 
old  standards^— in  others  they  did  not  but  practical 
demonstrations  were  shownng  them  to  answer  all  the 
requirements  for  paving  purposes.  Such  circiun stances 
added  furtlier  importance  to  the  then  discussed  ques- 
tion as  to  what  were  essential  and  what  were  non-es- 
sential requirements  in  asphalt  specifications. 

Looking  back  at  the  early  attempts  in  weeding  out 
the  non-essentials,  doubtless  the  greatest  factor  was 
our  Amereian  Society  for  Municipal  Improvements 
which  adopted  m  1915  a  specification  based  upon  four 
(4i  tests  only,  namely  penetration,  ductility,  loss  by 
evaporation  (and  penetration  of  residue)  and  flash 
point.  This  specification,  much  as  it  was  contested  at 
the  time,  has  certainly  proven  itself  a  safe  one  for,  in 
essential  features,  it  has  been  adopted  by  most  of  our 
leading  cities  and  municdpalities  and  has  been  thus  in- 
strumental in  securing  many  miles  of  the  best  con- 
struction. More  subsequent  improvements  have  been 
in  the  direction  of  further  .specification  by  basing  the 
requirements  on  the  asphalt  cements  omitting  reference 
to  crude  or  refined  asphalt  and  fluxes  that  may  be  used 
in  their  preparation.  There  is  little  doubt  that  this 
will  be  the  general  form  of  future  specifications. 

Aside  from  the  four  or  five  requirements  now  quite 
generally  considered  as  essential  there  is  of  course  dis- 
position to  still  include,  in  some  cases,  fixed  carbon, 
paraffine  scale  and  naphtha  soluble  (or  insoluble)  and 
specific  graWty.  In  the  various  refineries,  these  are 
regarded  as  collateral  properties,  depending  on  the 
particular  crude  from  which  the  pioduct  is  made  and 
the  extent  or  consistency  to  which  the  refinery  process 
is  carried.  They  have  no  bearing  on  service  conditions, 
serve  almost  entirely  for  identification  purposes  and 
are  gradually  disappearing  from  the  list  of  require- 
ments. ' 

Comii»g  now  to  the  improvements  in  testing,  it  can 
be  readily  understood  that  specifications  made  up  of 
numerous  requirements  involved  correspondingly  nu- 
merous tests  for  the  examination'  of  materials  made 
under  them,  but  unfortunately  for  a  long  time  even 
the  more  essential  ones  were  not  standardized. 

The  penetration  test,  for  example,  which  has  per- 
haps always  been  the  most  important  of  all  the  tests 
for  bitumens,  was  for  a  long  time  conducted  with  great 
variations  in  technique.  In  fact,  it  seemed  to  those 
of  us  who  were  compelled  to  follow  sucth  matters,  that 
laboratories  were  going  out  of  their  way  to  devise  new 
and  unheard  of  modifications.  Various  types  of  needles 
were  used  in.stead  of  the  commonly  supposed  Roberts 
No.  2  sharps ;  tliei-mometers  were  often  inaccurate  and 
there  was  also  great  variation,  in  the  size  and  shape  of 
the  sample  container,  all  of.  which  conditions  exerted 
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their  influence  on  the  test  results  and  the  consequent 
acceptance  or  rejection  of  shipments. 

Similar  conditions  prevailed  also  in  the  case  of  the 
volatilization  test  wherein  a  2^  in.  diameter  and  ^  in. 
deep 'flat,  bottom  tin  dish  was  the  commonly  under- 
stood laboratory  utental  for  holding  the  sample.  In 
practice,  however,  these  dimensions  were  the  excep- 
tion rather  than  the  rule  and,  since  in  some  cases  20 
gram  samples  were  employed,  the  variation  in  exposed 
surfaces  was  of  considerable  importance. 

The  oven  itself  was  also  an  important  factor  on  ac- 
count of  variations  in  shapes,  sizes  and  draft,  etc.,  to 
say  nothing  of  the  position  occupied  by  the  sample 
when  in  the  oven — yet  few  were  the  specifications 
w  hich  took  cogiuzance  of  these  apparently  unimportant 
features. 

Your  speaker  has  also  seen  the  flash  point  test  con- 
ducted in  all  kinds  of  apparatus  from  the  top  of  a 
baking  powder  can  to  the  most  elaborate  form  of 
automatically  operated  closed  testers.  Bulbs  and  total 
immersion  thermometers  were  frequently  used  inter- 
cliangeably  and  the  matter  of  rate  of  temperature  rise 
frequently  ignored  entirely.  These  and  many  other 
.similar  conditions  of  testing  formed  the  environment 
under  which  the  asphalt  refining  industry  has  been 
built  up  and  although  they  doubtless  still  prevail  in 
numerous  instances  there  has  been,  in  general,  a  very 
-substantial  change  for  the  better. 

The  American  Society  for  Material  through  its  Com- 
mittee D-4  lia.s  taken  the  lead  in  the  matter  of  bring- 
ing order  out  of  chaos  in  those  tests  for  bituminous 
materials  and,  since  its  by-laws  require  a  balance  be- 
tween producing  and  consuming  interests  there  can  be 
no  objection  to  its  activities  on  the  grounds  of  favor- 
ing either  party.  Its  efforts  along  these  lines  became 
particularly  noticeable  along  about  the  year  1912  and 
today  its  50  members  are  more  active  than  ever  in 
clarifying  these  meeting  grounds  of  purchaser  and  con- 
sumer— the  asphalt  specifications. 

In  1911  a  standard  test  for  solubility  applicable  to 
the  varioiLs  reagents  such  as  carbon  di-sulphide,  carbon 
tetra-chloride  chloroform,  naphtha,  etc..  was  adopted. 
"While  perhaps  somewhat  more  elaborate  than  many 
fomi.s  of  the  test  in  routine  use,  its  object  is  accuracy 
and  applicability  to  all  bituminous  materials  and  only 
a  metliod  of  this  type  should  be  provided  where  dis- 
putes are  liable  to  arise,  such  as  in  the  case  of  speci- 
fications. 

The  .stantlard  procedure  of  1911  for  making  the  ap- 
parently simple  penetration  test  was  practically  re- 
written in  1916,  after  four  years  collaborative  study 
and  tests  by  a  sub-committee  in  order  to  cover  im- 
portant details  of  technique  previously  neglected.  In 
1921  the  method  was  further  modified  by  abandonment 
of  the  variable  and  uncertain  cambric  needle  and  the 
substitution  of  a  cylindrical  needle  of  prescribed  dia- 
meter and  cone  taper  whose  dimen.sions  can  be  readily 
verified  by  any  one  capable  of  using  a  caliper.    A  defi- 


nite size  of  sample  container  is  specified  as  well  as  ac- 
curacy of  the  thermometer,  time  of  cooling  in  botli 
air  and  water  and  other  previously  neglected  details 
of  manipulation.  A  series  of  collaborative  results  in- 
dicative of  the  preci-sion  of  this  test  has  also  been  pub- 
lished. 

There  was,  of  course,  a  practical  suspension  of  stand- 
ardization activities  during  the  war  period,  but,  in 
1920  and  1921,  there  were  adopted  revised  standards 
for  determining  "Loss  on  Heating"  and  melting  point 
or  more  properly  speaking  "Softening  Point."  In 
the  former,  the  sample  tin  of  the  penetration  test  was 
adopted  as  tlie  container  and  the  50  grains  sample 
of  former  years  reverted  to.  This  simplifies  laboratory 
apparatus  and  permits  a  "penetration  of  the  residue" 
without  having  to  transfer  the  sample.  The  variable 
due  to  oven  construction  was  happily  solved  by  adopt- 
ing a  revolving  disc  or  shelf  adaptable  to  a  great  many 
of  the  types  of  ovens  already  in  use.  Eight  samples 
may  be  simultaneously  tested  and  they  all  i)ass  con- 
tinuou.sly  through  the  same  heat  zone  or  path  which 
may  be  regulated  by  a  thermometer  carried  in  a  sim- 
ilar specimen. 

Melting  points  or  rather  softening  points  of  asphalts 
are  now  determinable  under  standardized  conditions 
by  a  perfected  form  of  the  old  ring-and-ball  test.  A 
disc  of  bitumen  held  by  a  metal  ring  of  prescribed  di- 
mensions is  suspended  in  water  or  glycerine  and  a  steel 
ball  of  prescribed  weight  super-imposed.  Tlirough  the 
uniform  application  of  heat,  tliis  specimen  begins  to 
melt  or,  more  properly,  soften  and  when  it  has  fallen 
a  distance  of  one  inch  the  thermometer  indication  is 
taken  as  the  softening  point.  The  standardization  of 
this  and  the  penetration  method  have  been  perhaps  the 
greatest  contributions  towards  improvements  in  asphalt 
specifications. 

The  tentative  standard  for  "ductility"  brouglit  out 
last  year  is  practically  the  same  as  the  old  "District  of 
Columbia  Standard."  It  is  based  on  pulling  the  orig- 
inal Dow  form  of  briquette  of  one  centimeter  minimum 
in  cross  section  at  the  uniform  rate  of  five  centimeters 
per  minute  and  the  temperature  for  testing  is  25  de- 
grees C.  or  77  degrees  F.  This  procedure  has  been 
in  use  for  many  years  and  there  is  little  prospects  of 
any  change  in  essential  features. 

I  must  not  neglect  to  mention  also  the  tentative 
standard  for  specific  gravity  recommended  in  1921  and 
useful  for  converting  tons  to  gallons  and  vice  versa 
and  then  there  is  also  t>he  new  flash  point  test  based 
on  the  Cleveland  open  cup.  The  latter  has  also  just 
recently  ap))earod  as  a  Tentative  Standard  but  there 
is  every  indication  of  its  adoption  as  an  official  pro- 
cedure on  account  of  its  simplicity. 

All  of  these  improvements  in  methods  have  been 
accomplished  -within  the  comparatively  .short  space  of 
some  five  or  six  years  and,  wliile  they  liave  alike  bene- 
fited both  consumer  and  producer  they  have  been  es- 
pecially helpful  to  the  latter  in  his  dealing  with  a 
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number  of  laboratories.  If  our  complicated  aud  vague 
specifications  of  earlier  days  were  due  to  our  scant 
knowledge  of  bituminous  materials,  certainly  the  ex- 
cuse no  longer  exists  and  it  is  believed  that  we  are 
now  in  a  position  to  have  satisfactory  specifications 
made  up  of  a  relatively  small  nmnber  of  simple  re- 
quirements and  based  on  recognized  standards  for 
testing. 

Coming  now  to  the  matter  of  suggestions  for  future 
asphalt  specifications,  I  shall  take  the  liberty  of  ap- 
proacldng  this  phase  of  the  subject  from  the  standpoint 
of  a  refiner.  Most  engineers  and  contractors,  how- 
ever, have  usually  proven  themselves  to  be  open  to 
suggestions  from  producing  interests,  consequently 
the  following  thoughts  may  be  not  amiss. 

Perhaps  the  greatest  desirability  in  future  specifica- 
tions is  a  more  genei-al  simplification  of  requirements 
as  brouglit  out  in  foregoing  paragraphs.  The  four 
provisions  for  penetration,  ductility,  loss  on  heating 
and  flash  point  togetlier  with,  perhaps,  solubility  in 
carbon  disulphide  and  carbon  tetra-chloride,  and  soft- 
ening point  in  the  case  of  fillere,  are  serving  the  needs 
of  many  large  cities  and  state  highway  departments  and 
there  is  no  good  reason  why  they  should  not  serve 
everywhere. 

Methods  of  tests,  preferably  the  above  standards, 
.should  accompany  allasphalt  specifications  or  suitable 
references  should  be  made  therein  so  that  the  refiner 
will  know  not  only  what  properties  are  desired  but 
how  they  will  be  determined.  As  a  matter  of  fact, 
methods  of  testing  are  as  vital  parts  of  specifications 
as  the  actual  requirements  yet  in  most  cases  this  does 
not  appear  to  be  realized. 

Another  suggestion — and  one  that  I  make  with  con- 
siderable delicacy — is  that  we  should  have  just  a  little 
more  competent  inspection  of  deliveries  for  the  re- 
fineries are  frequently  the  victims  of  inefficient  and 
even  careless  testing.  In  this  connection  improper 
sampling,  overheating  of  the  specimen  by  too  hasty 
melting  and  the  use  of  contanunated  containers  have 
frequently  been  found  responsible  for  discrepancies. 
Sampling  as  well  as  testing  should,  therefore,  be  con- 
ducted only  be  experienced  persons.  Refinery  labora- 
tories are  equipped  with  the  latest  improved  apparatus 
and  employ  high  grade  technical  operatives.  While 
occasional  errors  are,  of  course,  possible  with  all  human 
agencies,  the  chances  for  increased  shipments  are  few 
under  modern  methods  of  refinery  control. 

Before  closing  this  paper,  I  desire  to  call  your  at- 
tention to  the  narrow  limits  for  consistency  or  "pene- 
tration'' of  paving  asphalts  which  are  now  being  or- 
dered and  a.sk  your  cooperation  in  remedying  what 
has  for  some  time  been  quite  a  troublesome  matter. 
It  is  not  by  any  means  expected  that  we  can  accom- 
plish at  once  a  standardization  in  this  respect  for  cer- 
tain engineers  have  more  or  less  fixed  ideas  regarding 
the  .subject  and  successful  business  necessarily  requires 
that  cutomers  Shall  be  satified.  At  the  same  time, 
however,  we  must  look  at  the  general  situation.    There 


are  two  reasons  why  asphalt  penetration  limitations 
should  not  be  unduly  restricted  and,  in  view  of  the 
fact  that  they  are  not  generally  understood,  these  rea- 
sons are  presented  more  or  less  in  detail. 

In  the  first  place,  although  the  penetration  test  itself 
has  now  become  fairly  well  standardized  as  stated,  it 
is  by  no  means  a  test  of  great  precision  as  some  are 
disposed  to  consider  it.  A  three-point  difference  be- 
tween two  operators  working  in  the  same  laboratory 
is  quite  permissible  as  being  within  the  limit  of  ex- 
perimental error  and,  since  such  a  difference  may  be 
in  either  direction  a  six-point  pennissible  range  is 
thus  justified. 

Under  the  circumstances,  a  specification  allowing  a 
ten-point  range  actually  restricts  the  refinery  to  four 
points  or  degrees  in  penetration  w^hich  is  perhaps  suf- 
ficient but  only  so  under  the  most  rigid  control  of 
manufacturing  conditions.  For  similar  reasons  five- 
point  limitations  are  manifestly  severe  and  only  pos- 
sible to  comply  with  where  both  the  seller's  and  pur- 
chaser's laboratories  work  to  a  degree  of  precision  that 
is  not  warranted  by  the  accuracy  of  the  test  itself. 
Furthermore,  orders  calling  for  definite  consistencies 
such  as  "50  penetration  asphalt,"  "60  penetration  as- 
phalt," etc.,  obviously  do  not  allow  even  for  the  ex- 
perimental error  of  the  laboratory  and  are  pi-aetically 
impossible  to  fulfill. 

In  the  second  place,  narrow  penetration  Ihnits  have 
come  to  mean  a  multiplicity  of  products  which  in  turn 
involve  much  unnecessary  elaboration  of  refinery 
equipment.  Like  our  friends  of  the  brick  industry, 
Ave  cannot  economically  run  our  plants  like  the  pickle 
factories  and  we  should  be  permitted  to  discontinue 
a  few  of  our  varieties.  If  not,  the  refiner  must  use 
elaborate  equipment  or  be  continually  changing  his  op- 
erating conditions  with  a  resulting  loss  in  plant  ca- 
pacity. These  conditions  are  reflected  either  in  in- 
creased manufacturing  cost  or  delayed  shipments— 
sometimes  both — with  no  benefit  otlier  than  tlie  satis- 
faction of  an  exaggerated  idea  of  accuracy.  We  do 
not  believe  that  many  engineers  will  contribute  to 
such  conditions  once  the  facts  are  fully  explained. 

In  line  with  the  foregoing  statement,  some  refineries 
are  endeavoring  to  standardize  their  paving  asphalts 
as  far  as  possible  and,  at  the  same  time,  take  care  of 
the  well  establisihed  types  of  construction.  Under 
siich  an  arrangement  reasonable  quantities  of  several 
grades  such  as  40-50,  50-60,  60-70^  penetration,  etc. 
could  be  kept  in  stock  available  for  prompt  shipment. 

This  policy  is  entirely  in  line  with  specifications  of 
the  United  States  Office  of  Public  Roads  and  many 
cities  and  municipalities.  It  is  also  in  accord  with 
the  recent  action  of  the  American  Society  for  Testing 
Materials  which,  in  propo.sing  six  "classes"  of  as- 
phalts for  paving  pvirposes,  allows  similar  penetration 
limits.  Many  purchasers,  we  are  glad  to  say,  are  al- 
ready in  harmony  with  such  arrangements  but  a  small 
minority  prevents  them  from  realizing  the  full  advan- 
tages. 
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The  Business  of  a  Highway  Commission 


By  C.  M.  UPHAMf 


The  title  of  this  paper  would  suggest  the  question, 
'  •  What  is  the  purpose  or  function  of  a  highway  commis- 
sion T"  "While  an  elaborate  and  complicated  definition 
would  be  a  justifiably  answer,  it  can  also  be  answered  by 
the  very  simple,  clear  and  concise  definition.  Regardless 
of  the  size  of  a  state  or  a  country  commission,  the  func- 
tions of  this  body  are  the  same:  notwithstanding  elab- 
orate office  buildings,  multiplicity  of  equipment,  or  num- 
ber of  individuals  connected  with  the  commission,  still 
the  purpose  and  function  are  the  same,  and  the  whole  can 
simply  be  described: 

The  business  of  a  highway  commission  is  to  act  as  an 
agent  for  the  taxpayers,  for  the  best  economic  purchase 
of  roads  that  can  be  maintained  at  a  minimum  cost,  and 
at  the  same  time,  furnish  to  the  taxpayers  satisfactory 
means  of  transportation,  whereby  traffic  may  operate  at  a 
minimum  of  expense. 

It  is  the  taxpayers  who  assemble  and  decide  to  buy 
roads.  It  is  the  taxpayers  who  raise  money  for  the  pur- 
chase of  i-oads,  and  it  is  the  taxpayers,  through  their 
legislators,  who  vote  bond  issues  for  the  purchase  of 
roads,  and  lastly,  it  is  the  taxpayers  who  pass  the  laws 
that  create  a  highway  commission  to  represent  them  and 
purchase  from  contractors  or  individuals  roads  for  the 
purpose  of  founding  means  of  communication,  at  the  low- 
est cost  of  operation  to  traffic.  Although  the  business  of 
a  highway  commission  consists  of  turning  a  completed 
road  over  to  the  taxpayers,  there  is  much  work  necessary 
and  many  details  must  be  completed  before  the  finished 
road  is  delivered. 

It  sometimes  happens  that  a  highway  commission  rep- 
resents a  county;  if  that  be  so,  then  its  function  is  to 
locate  and  purchase  roads  that  will  serve  in  the  growth 
and  economic  saving  of  the  county.  It  generally  hap- 
pens, however,  that  a  highway  commission  represents  a 
state,  which  makes  it  necessary  that  all  county  lines  must 
be  forgotten  and  the  roads  located  and  constructed  where 
the  results  will  afford  means  of  transportation  for  the 
state  at  large  without  regard  to  county  boundaries;  the 
roads  must  be  located  and  constructed  so  that  the  state 
will  be  able  to  maintain  at  reasonable  cost  the  means  of 
transportation  that,  at  low  expense,  will  make  possible  a 
healthy  development  in  the  state,  both  industrially,  com- 
mercially and  socially. 

The  business  of  settling  the  alignment  of  roads  is  one 
which  if  not  one  of  the  most  important,  is  one  of  the 
most  difficult,  for  a  road  perfectly  constructed,  if  im- 
properly located,  is  as  bad  as  a  road  well  located  and 
poorly  constructed.  It  is  truly  said  that  the  alignment 
of  a  road  is  the  only  part  which  is  permanent,  and  if 
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this  principle  is  valid,  surely  it  is  the  business  of  a 
highway  commission  to  so  locate  that  road  that  it  will 
be  to  the  greatest  economic  advantage  to  the  most  people. 

The  highway  commission  must  secure  all  information 
regarding  the  alignment  of  the  road,  taking  into  consid- 
eration the  use  of  the  road ;  whether  it  is  to  be  commer- 
cial, industrial,  or  scenic;  whether  it  is  to  be  an  all-year 
road  or  a  seasonal  road ;  whether*  it  is  a  through  road  ex- 
clusive of  local  conditions,  or  whether  it  can  be  termed  a 
local  road,  or  a  combination  of  the  two ;  whether  the  road 
is  for  the  development  of  the  country,  or  whether  the 
country  has  developed  to  the  extent  that  the  road  is  being 
constructed  merely  to  lessen  the  cost  of  operation  of  its 
commerce;  the  number  of  people  that  it  may  serve;  the 
tonnage  which  is  expected  to  pass  over  the  road;  the 
construction  and  cost  details  of  the  road  relative  to  its 
drainage,  maintenance;  the  use  of  local  materials  must 
be  studied  and  all  these  facts  must  be  taken  into  con- 
sideration, and  deliberately  considered  before  the  final 
location  of  the  road  decided  upon. 

To  locate,  purchase  and  operate  a  road  means  that  a 
commission  must  have  certain  data  to  assist  in  its  de- 
liberations ;  this  is  secured  by  the  engineering  organiza- 
tion that  furnishes  to  the  commission  all  facts  that  are 
necessary  to  carrying  on  the  business  of  purchasing  and 
operating  roads. 

With  the  aid  of  the  engineering  staff,  the  commission 
may  complete  its  work  and  conduct  its  affairs  with  the 
same  integrity  and  principles  as  an  individual  business 
or  a  larger  corporation. 

In  addition  to  securing  all  engineering  facts,  the  com- 
mission should  make  no  purchases  of  roads  before  it  has 
acquainted  itself  with  the  condition  of  the  financial  mar- 
ket, taking  advantage  if  possible,  of  the  proper  market 
in  the  disposal  of  its  bonds,  or  for  buying  its  materials 
or  roads  on  a  low  market.  By  studying  the  situation  and 
purchasing  and  contracting  on  a  favorable  market,  will 
mean  the  saving  of  large  amounts  of  money  for  the  tax- 
payers. 

It  is  also  necessary  after  studying  the  facts,  to  decide 
just  what  is  the  best  method  to  follow  in  the  purchase  of 
roads,  whether  it  should  be  by  state  force  account,  convict 
labor,  lump  sum  contract,  or  unit  item  contract,  or  a  com- 
bination of  them. 

Regardless  of  the  method  selected,  it  is  the,  business 
of  the  commission  to  see  that  the  most  economic  road  is 
purchased  and  that  the  road  purchased  is  the  road  de- 
livered and  here  again  it  depends  on  the  engineering  de- 
partment for  this  assurance. 

The  machinery  of  road  purchasing  is  similar,  regard- 
less of  the  size  of  the  purchase,  or  the  size  of  the  pur- 
chaser. The  size  of  the  machinery  will,  however,  vary 
(Continued    on    page    116) 
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CONTINUED  FEDERAL  AID 

Hearings  are  being  held  on  the  bill  introduced  by 
Representative  Woodruff  in  the  House,  providing  for 
the  appropriation  of  $100,000,000  annually  for  a  period 
of  five  years  for  federal  aid  highway  construction.  As 
pointed  out  in  la.st  week's  issue,  the  President  has 
signified  it  as  his  wish  that  not  more  than  $75,000,000 
be  appropriated  annually. 

One  of  the  great  handicaps  to  state  highway  depart- 
ments is  their  inability  to  plan  very  far  ahead  because 
of  the  uncertainty  of  highway  appropriations.  Last 
year  a  federal  aid  appropriation  of  $75,000,000  was 
passed  late  in  the  spring.  Highway  departments  were 
not  justified  in  laying  plans  in  advance  of  the  appropri- 
ation, neither  do  they  now  have  anything  definite  for 
the  future  to  work  upon.  At  one  time  last  year,  be- 
cause of  the  activity  of  a  certain  senator  in  opposing 
road  appropriations,  it  was  thoug'ht  that  Congress 
would  adjourn  without  making  any  provision  for  fed- 
eral aid. 

With  the  new  highway  law  in  effect  providing  for 
the  improvement  of  seven  per  cent  of  the  highways 
of  interstate  importance,  the  states  may  go  ahead  with 
their  plans  if  Congress  makes  adequate  appropriations 
for  federal  aid  for  a  period  of  years.  Efficient  engineer- 
ing organizations  can  not  be  built  up  one  day  and  dis- 
banded the  next ;  yet  many  state  highway  departments 
have  been  obliged  to  build  and  disiband  their  organi- 
zations because  of  the  uncertainty  of  federal  aid  ap- 
propriations.    The  Woodruff  bill  ought  to  be  passed 


without  reduction  either  in  the  amount  of  appropria- 
tion or  the  period  over  which  federal  aid  is  extended. 

ROAD  WORK  IN  MINNESOTA 

The  State  of  Minnesota  has  joined  the  list  of  progres- 
sive states  that  have  awakened  to  the  importance  of 
developing  their  transportation  facilities  and  now  high- 
way construction  is  being  carried  on  in  Minnesota  on 
a  grand  scale.  In  1920  a  good  roads  amendment  to 
the  constitution  was  passed  by  a  large  majority.  Un- 
der this  amendment  a  7,000-mi.  primary  system  of 
highways  was  laid  out  for  improvement  and  the  is- 
suance of  $75,000,000  of  state  highway  bonds  was  au- 
thorized. Counties  are  also  permitted  under  the  new 
law  to  issue  up  to  $250,000  of  bounds  to  finance  work 
on  trunk  highways,  to  be  later  reimbursed  by  the  state. 
Such  arrangement  enables  road  work  to  be  carried 
on  more  easily  than  were  the  state  obliged  to  market 
its  bonds  immediately.  Motor  vehicle  fees  have  also 
been  increased  so  that  the  work  can  be  financed  by  the 
use  of  motor  vehicle  and  federal  aid  funds,  together 
with  the  proceeds  of  a  1-mill  general  tax  which  goes 
for  a  state  aid  highway  fund  to  help  counties  of  low 
assessed  valuations. 


THE  SOLDIERS'  BONUS  AND  GOOD  ROADS 

In  casting  about  to  find  sources  of  revenue  to  meet 
tlie  proposed  soldiers'  bonus,  a  few  federal  legislators 
have  suggested  the  placing  of  federal  taxes  on  motor 
vehicles  and  gasoline.  This  proposal  is  being  vigor- 
ously opposed  by  the  American  Automobile  Associa- 
tion of  State  Highway  Officials.  These  organizations 
are  not  opposing  the  boinis  but  are  attempting  to  fore- 
stall the  shifting  of  this  tax  to  the  highway  field. 

At  the  present  time  a  number  of  states  are  securing 
most  of  their  road  revenue  from  motor  vehicles  and 
about  a  dozen  states  have  enacted  a  tax  on  gasoline. 
It  is  quite  probable  that  other  states  will  soon  levy 
taxes  on  gasoline  to  secure  increased  road  revenues. 
If  federal  taxes  are  placed  upon  gasoline  and  motor 
vehicles  serious  problems  will  arise  in  connection  with 
financing  road  work  in  various  states.  Since  motor  vehi- 
cles have  a  veiy  direct  relation  to  road  construction,  it 
is  manifest  that  any  taxes  imposed  upon  them  should 
be  used  for  highway  work.  Further,  if  both  state  and 
federal  taxes  were  imposed  upon  motor  vehicles  and 
gasoline,  the  automobile  industry  would  be  taxed  great- 
ly in  excess  of  any  other  industry. 


ASPHALT  SPECIFIOATIONS 

S<wne  si>ecifications  for  asphalt  now  being  used  are 
impractical,  points  out  Larcy  M.  Law,  Chief  Chemist 
of  the  New  Orleans  Refining  Co.,  Inc.,  printed  else- 
where in  this  issue,  in  that  they  call  for  penetration 
limits  which  are  no  greater  than  the  limits  of  experi- 
mental error.  "Like  our  friends  of  the  brick  indus- 
try," says  Mr.  Law,  "we  can  not  economically  run 
our  plants  like  the  pickle  factory  and  we  should  be 
allowed  to  discontinue  a  few  of  our  varieties." 
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proportionately  with  the  amount  of  road  purchased,  and 
the  problems  to  be  solved  will  also  vary  and  depend  upon 
the  local  condition  and  requirements. 

This  purchasing  machinery  can  also  be  called  the  en- 
gineering organization,  and  it  is  the  business  of  a  high- 
way commission  to  create  and  make  up  an  engineering 
organization  which  should  be  able  to  assist  the  contractor 
in  carrjing  out  his  work,  in  such  a  manner  as  to  cause 
no  unnecessary  expense  to  the  contractor,  and  at  the 
same  time,  see  that  the  contractor  holds  to  his  part  of  the 
agreement  in  delivering  the  road  purchased.  The  en- 
gineers' department  must  see  that  all  materials  entering 
into  the  road  surface  meet  with  the  requirements  of  the 
agreement.  The  inspection  and  testing  of  these  materials 
must  be  carried  on  in  such  a  manner  as  to  cause  no  delays 
in  construction,  the  testing  being  done  preferably  at  the 
point  of  shipment.  With  the  materials  having  passed  the 
specification  requirements,  the  next  step  is  to  see  that 
these  materials  are  incorporated  into  the  road  in  such  a 
way  as  to  produce  the  best  possible  work.  Only  inspec 
tors  of  the  best  training  and  long  experience  should  be 
used  for  this  work.  For  long  periods,  commissions  have 
made  the  mistake  of.  securing  high-class  talent  in  en- 
gineering, but  when  it  comes  to  the  actual  inspection  of 
incorporating  the  materials  into  the  roadway,  this  work 
is  too  often  inspected  by  a  man  of  no  experience ;  a  con- 
dition which  causes  the  contractor  much  expense  and 
rarely  ends  in  anything  but  a  disadvantage  to  the  state. 
Highway  commissioners  will  find  it  a  great  saving  to 
carry  on  short  courses  of  instruction  for  field  inspectors. 
Happily,  indeed,  universities  and  colleges  have  now  rec- 
ognized highway  engineering,  and  more  well-trained  men 
for  highway  work  are  becoming  available  each  year. 
Many  instances  could  be  cited  of  cases  between  low-grade 
inspectors  and  contractors,  which  would  not  only  be  in- 
teresting, but  some  of  them  sad  and  sorrowful,  if  con- 
sideration is  given  to  the  results. 

Again,  it  is  fortunate  indeed  that  there  are  now  with 
us  only  in  tradition  cases  where  highway  commissions 
have  not  received  from  the  old  time  contractor,  their 
rightful  purchase  in  roads.  The^purchasc  of  roads  has 
now  been  placed  upon  a  higher  business  plane,  honored 
and  occupied  by  individuals  and  corporations. 

In  carrying  out  the  purchase  of  roads  on  scientific 
basis,  the  commission  must  be  represented  in  the  fields 
where  the  road  is  constructed,  and  at  the  point  of  manu- 
facture, where  the  materials  are  made.  The  highway 
commission,  through  its  engineering  department,  should 
know  in  a  general  way,  the  condition  of  all  State  pur- 
chases, sources  of  all  materials,  and  the  character  of  the 
work  being  done  by  contractors.  It  is  also  necessary 
that  a  well-equipped  laboratory  is  maintained  for  the 
purpose  of  assuring  the  highway  commission  that  the 
materials  equal  to  the  specifications  have  been  furnished. 

While  the  highway  commission's  main  purpose  is  the 
purchase  of  roads,  which  it  designs  and  specifies,  there 


remains  also  the  necessity  of  carrying  on  at  all  times  re- 
search work  for  the  purpose  of  taking  advantage  of  any 
new  or  recent  discoveries  in  materials  or  methods,  or 
adopting  the  most  economic  materials  for  the  construc- 
tion of  improved  roads.  This  research  laboratory  should 
also  have  for  its  work  the  responsibilities  of  a  material 
survey,  which  provided  the  commission  with  information 
whereby  the  best  and  most  economical  material  may  be 
considered  for  the  road  improvement. 

An  example  of  the  research  laboratory  is  evident  in 
the  development  of  the  improved  subgrade  highway. 
North  Carolina  now  has  a  bond  issue  of  fifty  million 
dollars,  provided  for  the  purchase  of  roads.  It  is  the 
business  of  the  North  Carolina  State  Highway  Commis- 
sion to  purchase  for  the  taxpayers  of  the  State,  road  im- 
provements which  will  serve  the  most  people  of  the  State 
and  do  the  greatest  economic  good.  It  can  readily  be 
seen  that  most  people  can  receive  the  greatest  benefit  by 
maintaining  and  bringing  to  a  higher  degree  of  useful- 
ness the  present  roads,  and  so  it  was  the  business  of  the 
North  Carolina  Commission  to  first  purchase  and  provide 
through  its  maintenance  organization,  highways,  smooth 
and  firm  and  capable  of  withstanding  the  traffic. 

Following  the  same  business  principles  which  are  man- 
ifested in  the  maintaining  of  a  large  mileage  of  highways, 
a  large  mileage  of  road  may  be  constructed  at  a  low  cost 
by  following  the  ordinary  principles  of  grading  and  con- 
.struction  of  drainage  structures,  and  then  building  a  sub- 
grade  of  selected  material.  For  some  time,  many  of  the 
southern  States  have  been  constructing  the  sand,  clay 
and  top  soil  highways,  which,  in  reality,  are  subgrades 
which  at  some  later  period  will  be  covered  by  a  roadway 
of  a  higher  type.  The  roads  of  this  type  have  been  found 
satisfactory  for  many  seasons  of  the  year,  and  this,  in  a 
degree,  can  be  considered  as  economically  solving  the 
construction  of  a  large  road  mileage  at  a  moderate  cost. 
Roads  of  this  type  arc  called  progressive  type  roads. 
They  are  roads  which  have  been  graded  in  the  ordinary 
manner,  satisfactory  drainage  structures  have  been  con- 
structed and  a  subgrade  of  selected  material  has  been 
built.  This  sand  clay  or  top  soil  road  or-  selected  sub- 
grade,  can  be  maintained  at  a  moderate  cost,  and  ^vith 
moderate  traffic,  is  a  satisfactory  road  for  the  greater 
period  of  the  year.  This  is  a  progressive  road  because 
of  the  fact  that  its  construction  can  be  added  to,  and 
advantage  taken  of  all  the  previous  steps  in  construc- 
tion. 

This  subgrade  highway  may  be  still  further  improved 
as  has  been  demonstrated  in  one  of  the  North  Carolina 
experiments.  This  consists  of  a  method  of  treatment  of 
a  "subgrade  highway"  which  seems  to  indicate  that  this 
type  of  roadway  can  be  treated  at  a  moderate  cost  so  as 
to  withstand,  with  satisfactory  maintenance,  a  traffic  of 
much  heavier  character  than  this  highway  has  previously 
been  able  to  withstand.  Anyone  familiar  with  a  top  soil 
or  sand  clay  road  has  undoubtedly  wondered  at  the 
strength  of  these  roads  when  properly  drained  and  pro- 
tected from  moisture.     The  only  wear  on  these  roads 
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when  properly  constructed,  seems  to  be  in  the  surface. 
Up  to  the  present  time,  bituminous  treatments  of  these 
subgrades  or  earth  roads  have  been  far  from  satisfac- 
tory because  of  the  fact  that  the  light  oils  have  not  suffi- 
cient binding  qualities  and  the  heavier  bituminous  mate- 
rial forms  a  mat  on  the  surface  of  the  road  on  account  of 
the  dust  which  collects  immediately  underneath  the  bi- 
tuminous material.  This  has  been  overcome  in  North 
Carolina  to  a  great  extent,  by  making  this  bituminous 
mat  an  integral  part  of  the  road  surface.  This  has  been 
accomplished  by  constructing  into  the  earth  roads,  a 
single  layer  of  stone  which  becomes  an  integral  part  of 
the  earth  road,  and  also  affords  for  the  bituminous  mate- 
rial, a  stone  surface  which  will  not  dust  up  and  allow 
the  bituminous  mat  to  peel  from  the  surface.  Upon 
this  reinforced  or  armored  subgrade  highway  can  be 
constructed  practically  any  hard  surface  type  which  may 
at  some  future  time  be  required.  In  the  meantime,  a 
roadway  of  bituminous  appearance  is  supplied,  capable 
of  carrying  moderate  traffic  at  a  reasonable  maintenance 
cost.  It  is  very  doubtful  if  this  treatment  of  subgrade 
highway  will  be  satisfactory  in  the  northern  States  where 
there  is  excessive  frost,  but  in  each  of  these  States  there 
is  a  solution  for  every  problem,  and  it  is  the  highway 
commission's  business  to  employ  a  research  for  the  pur- 
pose of  solving  just  such  problems. 

When  a  highway  commision  has  completed  the  con- 
struction of  the  roads,  it  has  really  only  partly  com- 
menced business,  for  the  true  work  of  a  commission  is  the 
operating  or  maintaining  of  the  roads  in  a  manner  ca- 
pable of  economically  carrying  on  the  industrial,  com- 
mercial and  social  relations.  It  is  the  business  of  a 
highway  commission  to  create  a  maintenance  organiza- 


tion which  can  at  all  times  keep  the  roads  in  their  best 
condition  at  the  lowest  cost.  It  is  the  business  of  the 
commission  to  see  that  the  maintenance  organization  is 
so  made  up  that  responsibilities  are  shared  by  individ- 
uals, and  that  the  system  is  divided  into  sections  whereby 
patrolmen  may  be  responsible  for  the  condition  of  cer- 
tain sections  of  the  road.  It  is  the  business  of  the  com- 
mission to  see  that  the  most  modern  and  efficient  equip- 
ment is  used,  taking  into  consideration  that  various  types 
of  roads  need  different  types  of  equipment  to  carry  on 
the  maintenance. 

The  business  of  a  highway  commission  is  surely  not 
complete  unless  it  can  render  to  the  public  an  accurate 
account  of  the  expenditure  of  all  moneys.  The  exact  cost 
of  the  construction  organization  and  the  exact  cost  of 
the  maintenance  organization,  its  testing  laboratory  and 
research  work.  It  must  be  able  to  show  the  actual  cost 
of  construction  of  all  roads  and  must  surely  show  the 
cost  of  maintenance  per  mile  per  year  for  every  piece  of 
State  highway.  There  are  many  detail  problems  arising 
such  as  purchase  of  materials,  equipment,  etc.,  but  each 
of  these  must  be  handled  as  would  an  individual  or  cor- 
poration. 

And  so  it  can  be  summed  up  that  the  business  of  a 
highway  commission  is  to  purchase  for  the  taxpayers  the 
construction  of  highways,  and  having  made  that  pur- 
chase, it  is  their  further  business  to  see  that  these  high- 
ways are  at  all  times  economically  maintained  in  their 
highest  degree  of  excellence,  carrying  on  all  details  of 
both  construction  and  maintenance  upon  the  same  busi- 
ness principles  which  are  manifested  by  a  corporation  or 
an  individual. 


The  Use  of  Local  Mineral  Aggregates  in 
Bituminous  Macadam  Roads* 


I 


By  W.   A. 

The  proper  use  of  local  mineral  aggregate  in  bitu- 
minous road  construction  means  great  economy  in 
these  days  of  high  transportation  and  labor  costs. 

It  is  possible  to  build  good  bituminous  macadam 
road  surfaces  with  practically  any  stone  or  coarse 
gravel  found  in  the  United  States,  provided  this  aggre 
gate  is  free  from  loam,  dust  and  silt  when  used. 

The  bituminous  mixture  is  at  best  a  wearing  surface 
like  tlic  rails  of  a  railroad  and  it  must  be  thoroughly 
and  properly  supported  by  the  subgrade  or  it  will  fail. 
The  subgrade  is  the  real  road — ^it  must  be  properly 
placed,  thoroughly  drained,  well  settled  "and  com- 
pacted, and,  on  such  a  subgrade,  a  bituminous  surface 
can  be  laid  successfully  with  a  mineral  aggregate  of 
com,paratively  low  crushing  strength,  except  on  main 

*  Paper  presented  at  Nineteenth  Annual  Convention  of 
the  American  Road  Builders'  Association. 

tChief  Engineer,  Palisades  Interstate  Park  Commission, 
New  York,   N.   Y. 
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trunk  roads.  It  is,  of  course,  very  necessary  to  thor- 
oughly bond  this  aggregate  and  keep  it  free  from 
moisture,  dirt  and  dust,  for  these  are,  in  my  opinion, 
the  greatest  enemies  of  proper  bonding. 

A  railways  engineer  establishes  the  size  and  weight 
of  his  rails  in  accordance  with  the  weight  and  speed 
of  his  traffic.  On  main  trunk  lines,  these  rails  are 
made  heavy  enough  to  carry  the  heavy  fast  traffic,  in 
spite  of  minor  defects  in  the  subgrade,  but  on  the 
branch  lines  and  feeders,  these  rails  are  lighter  for 
economy's  sake.  Your  main  trunk  lines  should 
have  wearing  surfaces  which  will  carry  any  traffic  and 
any  speed,  without  failure,  in  spite  of  minor  defects 
in  the  subgrade,  but  such  surfaces  are  not  necessary 
on  minor  roads  and  it  is  not  economy  to  build  them. 

The  safe  crushing  strength  of  trap  rock  or  basalt 
averages  approximately  350  tons  per  square  foot  of 
the  granites,   350  tons  per  square  foot,  of  the  lime- 
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stones  and  marbles,  300  tons  per  square  foot,  of  good 
air  cooled  slag,  300  tons  per  square  foot,  of  the  sand- 
stone, 215  tons  per  square  foot  and  ordiiiai-y  chalk,  15 
tons  to  the  square  foot. 

Practically  all  tlie  stone  in  this  country  comes  with- 
in these  limits  and  all  of  it  save  the  chalk  and  very 
soft  sandstones  will  make  g^ood  bituminous  macadam 
road  surfaces.  Specifications  must  vary  with  the 
type.s.  The  softer  aggregates  must  be  used  in  larger 
sizes,  greater  care  exercised  with  them  to  keep  out  the 
dust  and  the  rolling  must  be  governed  by  the  type  of 
a^regate.  The  harder  stone  can  be  thoroughly  com- 
pacted by  heavy  rollers  and  still  penetrated  and  thor- 
oughly bonded  by  the  asphalt  or  tar,  but  the  softer 
stones,  when  used  in  penetration  work,  must  not  be 
rolled  as  hard  or  they  w^l  not  allow  the  binder  to 
properly  fill  the  voids,  and  care  must  be  taken  to 
keep  the  aggregate  even,  as  many  quarries  have  seams 
or  stratas  of  soft  shaley  stone,  which,  if  put  in  with 
the  better  material,  will  cause  trouble. 

More  care  must  be  taken  with  the  top  course  or 
seal  coat  when  the  softer  aggregates  are  used  to  insure 
a  thorough  coating  on  the  actual  wearing  surface. 

There  is  little  accurate  data  obtainable  on  this  sub- 
ject, few  experimental  sections  of  which  surfaces  have 
been  laid  and  watched.  Of  all  the  failures  of  bitu- 
minous macadam  surfaces,  Vhich  have  come  to  my 
notice,  none  have  been  due,  in  any  way,  to  the  char- 
acter of  the  mineral  aggregate.  By  far  the  greater 
number  of  these  failures  are  due  to  bad  subgrade  and 
the  others  to  poor  workmanship,  dirt  and  dust  in  the 
aggregate  or  poor  bonding,  due  to  improper  rolling 
and  penetration.  Many  of  these  failures  are  due  to 
frost  action  in  the  subgrade,  or  improper  drainage, 
which  permits  this  frost  to  heave  up  the  surface,  or 
the  gradual  accumulation  of  moisture  in  poorly  drained 
places  in  the  subgrade,  which  destroys  the  supjwrt  of 
the  wearing  surface  through  no  fault  of  that  surface. 

Other  failures  were  plainly  due  to  improper  mixing 
or  penetration,  from  careless  workmanship ;  others  to 
the  careless  use  of  dirty  aggregate,  .so  full  of  loam, 
gilt  or  dust  that  the  binder  was  not  able  to  reach  the 
Sftone  or  the  aggregate  was  badly  graded.  And,  some 
other  failures  are  entirely  due  to  bad  or  improperly 
heated  binder.  One  sheet  asphalt  failure  was  due  to 
the  use  of  glacial  silt,  ground  as  fine  as  cement,  as 
the  only  aggregate. 

I  know  of  one  piece  of  penetration  surface  in  which 
three  experimental  sections  were  laid,  each  of  about 
500  ft.  In  these  sections  were  used  trap  rock,  or  very 
liard  basalt,  limestone,  just  an  average  grade  and 
sandstone  of  good  character,  while,  on  all  the  rest  of 
the  road,  granite  of  good  grade  was  used.  This  sur- 
face was  laid  in  three  layers  of  2,  2  and  1  in.  Two 
years  after  opening,  a  seal  coat  was  put  on  and  nothing 
has  been  done  with  it  in  the  past  six  years.  The  same 
materials  were  used  on  the  seal  coat  and  I  can  dis- 
tinguish no  difference  at  all  in  these  four  sections  of 
pavement.     This  road  has  carried  up  to  400,000  cars 


and  trucks  per  season  of  eight  montliij  and  the  pave 
nient  is  in  perfect  condition;  but,  it  is  laid  on  a  pei*- 
fect  subgrade  and  18  in.  of  telford. 

Between  the  entrance  of  a  ferry  slip  and  the  foot  of 
a  mile-and-a-half  long  hill,  brick  paved,  on  concrete 
base,  with  grades  from  5%  to  8%,  there  is  a  rock  fill 
300  ft.  long.  As  this  fill  was  expected  to  settle,  it  was 
decided  to  lay  a  temporary  cinder  surface  on  it.  Three 
inches  of  clean  steam  cinders  were  spread  and  rolled 
with  a  ten  thousand  pound  roller  and  one  gallon  per 
jard  of  bituminous  binder  was  applied  and  lightly 
covered  with  more  cindei-s.  Two  years  later,  another 
application  of  J^  gallon  per  yard  of  binder  was  made 
and  lightly  covered  with  cinders;  at  the  end  of  another 
two  years,  this  300  ft.  of  temporary  surface  is  in  per- 
fect condition  and  more  than  330,000  cars  and  trucks 
used  it  during  the  last  eight  niontlas,  and  yet  the 
crushing  strength  of  cinders  is  not  great. 

In  eastern  Ohio  and  Western  Pennsylvania,  much 
slag  has  been  used  and  when  treated  about  like  lime- 
stone has  made  good  surfaces.  Many  surfaces  have 
been  laid  with  cnished  gravel,  which  is,  of  course,  just 
like  good  crushed  stone,  if  properly  screened  and 
washed  before  crushing.  TJie  usual  specifications  for 
this  aggregate  is  60%  or  more  of  material  to  have  an- 
gular fragments. 

But  some  surfaces  have  been  laid  with  gravel  with- 
out crushing  and  when  this  aggregate  was  clean,  prop- 
erly sized  and  bonded,  these  surfaces  have  been  good. 
In  Massachusetts  and  other  New  England  states,  this 
uncrushed  gravel  aggregate  has  been  extensively  used 
in  the  so-called  "tar  concrete  pavements"  with  success 
wlien  the  workmanship  was  good,  and  many  old  gravel 
roads  have  been  successfully  surfaced  with  only  gravel 
aggregate. 

Good  workmanship  means  more  in  bituminous  mac- 
adam surfaces  than  mineral  aggregate  does. 

It  would  seem  much  wiser  for  the  engineer  to  care- 
fully study  all  available  local  mineral  aggregate  and 
prepare  his  specifications  to  permit  the  greatest  pos- 
sible use  of  it  in  his  surfaces,  than  to  fall  into  the 
easier  method  of  copying  standard  specifications  and 
so  compelling  contractors  to  import  these  aggregates 
and  so  greatly  increase  costs. 

Better  put  this  extra  money  in  your  subgrade  work 
for  that  is  really  your  road. 


ROAD  AND  BRIDGE  WORK  IN  MANITOBA 

The  iimnieipalities  of  Oartier  and  St.  Francois  Xa- 
vier,  a  few  miles  west  of  Winnipeg,  Canada,  have  voted 
to  build  five  bridges  over  the  Assiniboine  River,  be- 
tween the  village  of  Headingly  and  the  town  of  Port- 
age la  Prairie. 

These  bridges  represent  an  expenditure  of  approx- 
imately $90,000.  The  Provincial  Government  of  Man- 
itoba, according  to  the  provisions  of  the  Good  Roads 
Act,  provides  half  of  the  amount  required  for  the  con- 
struction of  the  bridges. 

The  municipality  of  Cartier  has  also  approved  the 
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issuing  of  a  certificate  of  indebtedness  to  the  amount 
of  $199,000  for  the  construction  of  roads  through  the 
the  district,  the  Provincial  Government  contributing 
about  $83,000  of  this  sum  under  the  Good  Roads  Act. 


ROAD  WORK  IN  SOUTH  CAROLINA 

A  proposal  to  spend  $34,000,000  within  six  years  and 
to  complete  within  that  time  4,000  mi.  of  the  state 
system,  more  than  600  mi.  of  which  would  be  hard 
surfaced  and  the  remainder  surfaced  with  sand-clay, 
top  soil,  or  gravel,  is  to  be  urged  before  the  presenx 
session  of  the  Legislature  of  South  Carolina.  In  order 
that  this  proposal  should  conform  to  the  Federal  aid 
acts  the  state  highway  officials  recently  held  confer- 
ences with  representatives  of  the  Bureau  of  Public 
Roads  of  the  United  States  Department  of  Agriculure. 

If  this  greatly  expanded  program  is  carried  out,  the 
state  will  match  all  of  the  Federal  aid  money  now 
available  and  any  future  appropriation  that  may  be- 
come available.  Funds  will  be  raised  by  automobile 
licenses,  by  continuing  the  state-wide  2-mill  property 
tax,  a  1-ct.  per  gallon  motor  fuel  tax,  and  a  bond 
issue  of  $10,000,000. 


MONTANA  CONCENTRATES  ON  GRAVEL  ROADS 

Montana  is  not  to  be  embarrassed  by  lack  of  funds 
for  so-called  permanent  roads.  The  highway  depart- 
ment does  not  look  to  the  construction  of  many  miles 
of  costly  pavement  but  does  desire  to  secure  the  great- 
est possible  mileage  with  the  funds  available  of  well 
located  and  well  drained  gravel  roads  built  by  local 
labor  with  local  materials.  Outlining  the  policy  of 
the  department  in  this  respect,  Chief  Engineer  Edy 
points  out  that  the  state  is  committed  to  a  reasonable 
road  program ;  that  the  area  of  the  state,  approximate- 
ly 147,000  sq.  mi.,  and  the  density  of  population,  only 
four  per  square  mile,  do  not  warrant  the  construction 
of  a  great  mileage  of  expensive  pavement  nor  does  the 
ordinary  traffic  demand  it. 

The  department  appreciates  also  that  the  agricultur- 
al interests  of  the  state  can  be  made  to  pay  for  the 
roads  only  in  proportion  to  tbe  amount  they  use  them ; 
the  automobile  interests  must  expect  to  bear  the  bur- 
den of  the  cost  of  the  road-building  program. 

The  roads  constructed  by  the  department  have  all 
been  in  line  with  this  general  policy.  A  good,  service- 
able, and  easy  riding  gravel  road  has  been  developed 
and  the  bulk  of  the  state 's  road  construction  has  been 
on  this.  Where  the  traffic  has  made  necessary  a  more 
durable  pavement  has  been  constructed. 

Throughout  the  road  construction  every  effort  has 
been  made  to  give  employment  to  residents  of  the 
state.  Counties  have  built  and  are  building  a  part  of 
the  roads  under  the  supervision  of  the  liighway  de- 
partment and  have  ordinarily  employed  their  own  tax- 
payers entirely.  Winter  gravelling  has  also  been  de- 
veloped by  the  department  which  has  enabled  farmers 
to  earn  much  needed  funds  during  the  winter  months. 


ROAD  BUILDING  HAS  GROWN  TO 

PROMINENT  NATIONAL  INDUSTRY 

Road  biftlding  is  one  of  the  nation's  largest  indus- 
tries, according  to  statistics  compiled  by  the  Bureau 
of  Public  Roads,  United  States  Department  of  Agri- 
culture, and  surpasses  such  great  industries  as  the 
manufacture  of  steel  and  iron  as  well  as  the  produc- 
tion, sale  and  repair  of  automobiles.  In  December, 
1920,  less  than  600,000  men  were  employed  in  the  steel 
and  iron  industry.  It  is  estimated  that  last  year  some- 
thing like  750,000  men  were  engaged  in  making,  sell- 
ing, and  repairing  automobiles.  As  compared  with 
this  an  army  of  approximately  1,000,000  men  labored 
last  year  throughout  the  road-construction  season  in 
building  and  repairing  the  country's  highways. 

Fifty  million  tons  of  stone  and  gravel  will  be  re-  , 
quired  by  the  28,000  mi.  of  Federal  aid  roads  either 
completed  or  under  construction  in  the  United  States 
at  the  end  of  the  present  fiscal  year,  according  to  the 
estimates  of  the  Bureau  of  Public  Roads.  Some  idea 
of  the  quantity  is  given  by  the  fact  that  it  is  equal 
to  a  million  carloads.  If  the  material  were  piled  in 
one  .place  in  the  form  of  a  cube,  it  would  be  approxi- 
mately 1,000  ft.  in  each  direction,  or  nearly  twice  as 
high  as  Washington  Monument. 


EFFECT  OF  MOISTURE  ON  CONCRETE 

While  the  properties  of  concrete  have  been  investi- 
gated for  many  years,  attention  has  largely  been 
given  to  considerations  of  strength  alone.  Aside  from 
the  action  of  direct  load,  deformations  are  produced 
in  concrete  by  changes  in  temperature  and  in  moisture 
content.  Witli  reference  to  temperature  changes  in 
reinforced  concrete,  it  is  well  known  that  concrete 
has  practically  the  same  coefficient  of  expansion  as 
steel,  so  that  the  two  materials  contract  or  expand  to- 
gether. Moisture  content,  on  the  other  hand,  has  the 
undesirable  property  of  affecting  concrete  alone.  Con- 
crete, like  wood,  clay,  and  some  other  materials  ex- 
pands when  it  absorbs  moisture  and  contracts  when 
it  is  dried.     Steel  has  no  such  action. 

Bulletin  No.  126  of  the  Engineering  Station  of  the 
University  of  Illinois,  entitled  "A  Study  of  the  Effect 
of  Moisture  Content  upon  the  Expansion  and  Contrac- 
tion of  Plain  and  Reinforced  Concrete, ' '  contains  some 
of  the  results  of  experiments  made  by  Torata  Matsum- 
oto,  a  graduate  student  in  Theoretical  and  Applied 
Mechanics  at  the  University  of  Illinois,  in  1918.  Ow- 
ing to  his  years  of  experience  as  an  engineer  on  harljor 
works  on  the  Island  of  Fonnosa,  lie  was  particularly 
interested  in  the  question  of  the  durability  of  concrete 
exposed  to  sea  air  and  to  the  conditions  found  in  a 
tropical  climate.  It  is  felt,  however,  that  the  results 
obtained  apply  to  our  ordinary  conditions  and  may 
liave  many  practical  applications. 

Copies  of  this  Bulletin  No.  126  may  be  had  without 
charge  by  addressing  the  Engineering  Experiment  Sta- 
tion, Urbana,  Illinois. 
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MEETINGS 

* 

Calendar  of  Coming  Meetings 

Feb.  21-22 — Kentucky  Association  of  Highway  Ck>n- 
tractors — Aiumal  meeting,  Louisville,  Ky.  Secretary, 
D.  R.  Lyman,  Louisville,  Ky. 

June  4-6 — American  Association  of  Engineers — ^An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary,  C.  E. 
Draycr,  63  E.  Adams  St.,  Chicago,  111. 

June  26-July  1 — ^American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineers'  Club  Bldg.,  Phila- 
dephia,  Pa. 


STATUS  OF  FEDERAL  AID  ROAD 

WORK  COMPLETED  BY  STATES 
ileasuriug  the  network  of  federal  aid  highways 
spread  over  the  country  during  the  past  5J^  years,  the 
Bureau  of  Public  Roads,  United  States  Department 
of  Agriculture,  places  their  total  length,  January  1 
last,  at  28,741.6  mi.,  and  their  cost  at  approximately 
$500,000,000.  The  figures  represent  12,907  mi.  of  com- 
pleted roads  over  which  traffic  is  flowing  today  and 
15,834  mi.  of  roads  under  construction  and  on  that 
date  estimated  to  be,  as  a  whole,  70  per  cent,  complete. 
In  mileage  of  completed  federal  aid  roads,  Texas 
leads  with  a  total  of  1,116.4  mi.  In  addition,  there 
were  under  construction  in  Texas  on  January  1,  a  total 
of  1.381.9  mi.  of  federal  aid  highways,  whose  estimated 
total  cost  was  nearly  $22,000,000.  Minnesota  ranked 
second,  with  1,066.6  mi.,  in  the  amount  of  completed 
federal  aid  highways,  the  cost  of  the  system  being 
slightly  over  $10,000,000.  Of  that  sum  the  Federal 
Government  paid  $3,878,663.  In  Minnesota  there  were 
under  construction  the  first  of  the  year  791.2  mi.  of 
federal  aid  highways  whose  estimated  cost  was  placed 
at  $10,055,757.  Other  states  with  comparatively  large 
mileages  of  completed  federal  aid  highways  on  Janu- 
ary 1  were: 

Illinois,  722.9  mi.  costing  $24,608,958,  of  which  $11,- 
221,464  was  paid  by  the  Federal  (Jovernment ;  Nebras- 

^j/t^^  "^  mi.  costing  $3,627,767,  of  which  the  Federal 
I  know*d?oJ?*^*^  $1,735,763;  Wisconsin,  500.6  mi.  cost- 

three^e^erii^en/'"^^"''*"'  ^^^'^  '"'■  ^'^'^^'^^  $5,148,080; 

hard  basalt,  limestonN^rth  Carolina,  419.1  mi.  costing 
wuidstone  of  good  cha^^-^  '"'  «««ting  $6,472,652;  and 
the  road,  granite  of  goc-«t-«  $8'081,285. 
face  was  laid  in  three  li  highway  construction  in  some 
years  after  opening,  a  seal-lie  western  states  where  the 
has  been  done  with  it  in  t^^  high  type  and  the  cost  cor- 
materials  were  used  on  r  mile  were  as  follows : 
tinguish  no  difference  t  mi.  costing  $19,002,504;  Ohio, 
pavement.    This  road 


370.2  mi.  costing  $12,475,569;  New  Jersey,  78.3  mi. 
costing  $3,442,224;  Massachusetts,  120.5  mi.  costing 
$4,391,036 ;  and  Maryland,  137.8  mi.  costing  $3,752,233. 

Projects  under  construction  and  the  degree  of  their 
Cf^mpletion  January  1  in  other  states  were  as  follows : 

California,  382.9  mi.,  55  per  cent,  complete ;  Georgia, 
492.9  mi.,  65  per  cent,  complete ;  Iowa,  998.7  mi.,  86 
per  cent,  complete ;  Kansas,  471.8  mi,.  69  per  cent,  com- 
plete ;  Louisiana,  354.5  mi.,  82  per  cent,  complete ;  Min- 
nesota, 791.2  mi.,  65  per  cent,  complete;  Mississippi, 

464.3  mi.,  64  per  cent,  complete;  Missouri,  535.1  mi.,  70 
per  cent,  complete;  Montana  412.8  mi.,  77  per  cent, 
complete ;  Nebraska,  914.1  mi.,  94  per  cent,  complete ; 
New  Mexico,  551.9  mi.,  54  per  cent,  complete;  New 
York,  347.9  mi.,  44  per  cent,  complete ;  North  Carolina, 
507  mi.,  88  per  cent,  complete ;  North  Dakota,  810.2  mi., 
80  per  cent,  complete ;  Ohio,  298.2  mi.,  91  per  cent,  com- 
plete; Oklahoma,  308.2  mi.,  64  per  cent,  complete; 
Pennsylvania,  248.6  mi.,  94  per  cent,  complete;  South 
Carolina,  410.7  mi.,  59  per  cent,  complete ;  South  Da- 
kota, 688.7  mi.,  70  per  cent,  complete ;  Tennessee,  449.1 
mi.,  46  per  cent,  complete ;  Texas,  1,381.9  mi.,  59  per 
cent,  complete ;  and  Wisconsin,  538.8  mi.,  75  per  cent, 
complete. 


A  State-owned  Cement  Plant  in  Arkansas  was  urged 
by  the  Arkansas  Cliater  of  the  American  Association 
of  Engineers  in  a  resolution  adopted  at  its  annual  mee1> 
ing  on  Jan.  28.  In  the  discussion  opinions  were  ex- 
pressed to  the  effect  that  cement  prices  are  too  high 
and  as  a  result  road  work  in  the  state  is  being  ham- 
pered. 

PERSONAL  MENTION 

C.  H.  Henning,  Jr.,  has  been  appointed  division  en- 
gineer of  the  Texas  State  Highway  Department,  with 
headquarters  at  Fort  Worth. 

Henry  J.  Cox  has  resigned  as  division  manager  ot 
the  Texas  State  Highway  Department. 

Capt.  J.  D.  Fauntleroy,  formerly  District  Engineer 
of  the  U.  S.  Bureau  of  Public  Roads,  has  been  ap- 
pointed State  Highway  Engineer  of  Texas  at  a  salary 
of  $9,000  a  year. 

Charles  Costigan,  formerly  County  Engineer  of  Sum- 
mit County,  Ohio,  is  now  connected  with  the  Metro- 
politan Construction  Co.,  Columbus,  O,  Road  Con- 
tractors. 

F.  M.  Feiker,  vice-president  of  the  McGraw-Hill 
Publishing  Company,  who  for  the  past  eight  months 
has  been  assisting  Secretary  of  Commerce  Hoover  in 
the  reorganization  of  the  department,  has  resigned 
Mr.  Feiker,  however,  has  been  appointed  a  special 
agent  of  the  department  and  will  continue  in  a  con- 
sulting capacity. 
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Dundee  Road,  Elgin 
Township,  Elgin,  III., 
Gravel  Macadam  main- 
tained with  "Tarvia-B." 


Save  the  old  roads — 
then  on  with  the  new — 


Typical  Spring  conditions  on  a  soft  surfaced  road. 


Every  Spring  finds  scores  of  communi- 
ties inaugurating  systematic  programs  of 
salvaging  the  roads  already  built — put- 
ting them  in  shape  to  handle  the  growing 
traffic  before  new  construction  is  begun. 
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everywhere. 
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preserve  the  surface  and  make  it  traffic- 
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roads  and  their  many  advantages  within 
reach  of  the  most  modest  community. 
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Roads  and  Trails  in  Alaska 

By    GOL.    JAMES    GORDON    STEESE,   M.  AM.   SOC.   C.  E.* 


I 


The  provisions  of  the  Federal  Aid  Road  Acts  are 
not  applicable  to  the  Territories  of  Alaska  and  Hawaii. 
In  Alaska  the  construction,  repair,  and  maintenance  of 
roads,  bridges,  trails,  and  related  works,  is  entrusted 
by  law  to  the  Alaska  Road  Commission.  Prior  to  the 
organization  of  this  commission  in  1905,  there  were  in 
the  whole  of  the  territory  less  than  a  dozen  miles  of 
what  might  be  called  wagon  road,  with  a  few  hundred 
miles  of  pioneer 
trail,  mostly  con- 
structed by  expe- 
ditions under  the 
War    Department. 

Travel  was 
largely  confined  to 
the  open  water- 
ways in  summer 
and  to  their  froz- 
en courses  or  over- 
land in  winter. 
When  mining  ma- 
chinery and  other 
supplies  were  to 
b  e  transported 
from  the  coast  or 
river  landings 
they  were,  in  most 
cases,  hauled  over 
the  snow  during 
the  winter,  with 
some  preliminary  clearing  of  the  route  when  necessary. 
Travel  across  country  in  summer,  generally  speaking, 
was  possible  only  on  foot  or  with  pack  horses.  It  was 
difficult  always,  and  frequently  dangerous,  on  account 
of  the  numerous  swift  and  deep  streams,  fed  by  thi' 
ice-cold  and  silt-laden  waters  of  mountain  glaciers. 

The  Alaska  Road  Commission  is  now  composed  of 
three  officers  of  the  Corps  of  Enginers  of  the  Regular 
Army;  in  addition  to  the  writer.  Major  John  C.  Got- 
wals  is  chief  engineer,  and  Captain  C.  S.  A^ard,  secre- 

*President,   Alaska   Road   Conimlsslon. 
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tary-treasurcr.  Its  funds  are  derived  from  an  annual 
direct  appropriation  by  Congress  and  from  sixty-five 
per  cent,  of  the  "Alaska  Fund,"  derived  from  voca- 
tional and  trade  license  taxes,  outside  of  incorporated 
towns.  During  its  seventeen  years  of  existence,  it  has 
expended  about  $7,000,000  upon  a  system  of  6,290  mi. 
of  roads  and  trails,  reaching  from  open-all-the-year 
south  coast  ports  to  all  inhabited  parts  of  the  territory. 

This  system  con- 
sists at  present  of 
1,101  mi.  of  wagon 
road,  756  mi.  of 
sled  road,  3,721 
mi.  of  permanent 
trail,  and  712  mi. 
of  temporary 
flagged  trail.  In 
the  classification 
of  the  commission, 
wagon  roads  are 
any  roads  cleared, 
grubbed,  ditched, 
graded,  and 
drained  sufficient- 
ly to  accommodate 
wagon  traffic. 
Lig'ht  motor  ve- 
hicles are  now  us- 
ing these  roads  in 
increasing  num- 
bers. This  requires  a  gravel  surface  at  an  increased 
first  cost,  but  with  an  eventual  saving  in  annual  main- 
tenance charges.  Sled  roads  are  cleared  and  graded 
like  wagon  roads,  but  not  grubbed.  They  are  drained 
only  sufficiently  to  prevent  their  destruction  by  the 
summer  rains.  Their  wearing  surface  is  of  snow. 
Double  bob-sleds,  drawn  by  two,  four,  etc.,  horses 
haul  heavy  loads  over  these  roads  as  well  as  over  the 
wagon  roads  in  winter  time.  During  the  pa.st  two  sea- 
sons, caterpillar  tractors  were  successfully  used  dur- 
ing the  winter  time,  and  such  traffic  is  expected  to  in- 
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«re«s<:.  Trails  include  auy  coustructiuu  less  thau  the 
above,  suitable  for  dog  sled  or  singk-  horse-drawn, 
doubk'-enders  m  winter  and  pack  trains  in  summer. 
Kxeept  wlien  river  surfaces  are  used,  soiue  work  is 
always  necessary  to  permit  the  use  of  dog  teams. 
Flagged  trails  represent  cut-offs  across  frozen  lakes, 
arms  of  tiie  sea,  etc.  Tlie  marks  are  necessary  to  pre- 
vent travelers  from  getting  lost  in  bad  weather. 

In  addition  to  the  funds  of  the  Alaska  Road  C!om- 
mission,  there  have  been  available  since  1919  funds 
accruing  to  the  Department  of  Agriculture  for  expen- 
diture within  or  adjacent  to  the  national  forests.  The 
Departmeflt  of  Agriculture  has,  therefore,  been  taking 
over  projects  of  the  Alaska  Road  Commission  in  these 
areas  thereby  releasing  funds  of  the  latter  for  expen- 
diture in  the  interior  of  the  territory.  For  the  work- 
ing season  of  1919,  the  Alaska  Road  Commission  super- 
vised the  work  and  built  up  an  organization  for  the 
Department  of  Agriculture.  Since  July  1,  1920,  that 
department  has  maintained  a  separate  organization. 
About  $600,000  have  been  expended  from  this  source. 

In  1919  the  Territorial  Legislature  appropriated 
$400,000  for  roads,  for  two  years,  and  in  1921,  $240,- 
000.  Of  the  first  appropriation,  about  one-half  was  al- 
loted  to  cooperative  projects  with  the  Alaska  Road 
Commission,  and  the  balance  divided  between  coopera- 
tive projects  with  the  Department  of  Agriculture  and 
local  projects  handled  by  territorial  agencies.  Of  the 
second  appropriation,  about  $40,000  was  alloted  to 
cooperative  projects  with  the  Department  of  Agricul- 
ture and  the  balance  is  being  expended  under  the 
8uper^^8ion  of  the  Alaska  Road  Commission. 

The  Territory  of  Alaska  is  more  than  twelve  times  the 
size  of  the  State  of  New  York  or  practically  one-fifth 
the  size  of  the  United  States  proper.  If  it  were  superim- 
posed upon  the  United  States,  the  tip  of  southeastern 
eastern  Alaska  would  touch  Charleston,  S.  C,  and  the 
tip  of  the  Aleutian  Chain,  Los  Angeles,  Cal. ;  north 
and  .south  it  would  extend  from  Duluth,  Minn.,  to 
Dallas,  Tex.  The  coast  line  of  Alaska  aggregates  26,- 
000  mi.,  or  one-fourth  greater  than  the  entire  conti- 
nental United  States.  Due  to  its  peculiar  shape  and  to 
the  difficulties  and  uncertainties  of  transportation,  it 
would  require  over  two  yeare  of  continuous  traveling 
by  the  best  means  of  transportation  procurable  for  a 
single  indi\'idual  to  inspect  the  entire  system  of  roads 
and  trails  for  the  maintenance  and  repair  of  which 
the  Alaska  Road  Commission  is  responsible. 

In  addition  to  road  and  trail  building  for  the  Federal 
Government  and  for  the  territory,  the  members  of  the 
Alaska  Road  Commission  are  charged  with  river  and 
harbor  improvements  in  the  territory  and  inspections 
and  permits  for  all  structures  upon  its  navigable 
water,  including  floating  and  fixed  fish  traps  for  the 
great  Alaskan  fishing  industry.  The  president  of  the 
commission  is  also  detailed  for  coasxiltation  or  to  super- 
intend the  construction  of  repair  of  lighthouses  and 
other  aids  to  navigation  authorized  by  Congress  in 


the  Sixtecntli  Alaska  Lighthouse  District,  under  the 
Secretary  of  Commerce,  and  as  the  War  Department 
representative  upon  the  Inter-Departmental  Alaska 
Council. 

The  total  expenditures  during  the  past  fiscal  year 
amounted  to  $(J66,789.08,  of  which  $432,243.90  was  for 
construction,  and  $234,545.18  for  maintenance-  Work 
was  performed  upon  5,020  mi.  of  the  system.  During 
tlie  current  fiscal  year  (ending  June  30,  1922)  expen- 
ditures for  all  activities  of  tlie  eonmiission  will  aggre- 
gate about  $900,000.  Tlie  Alaska  Road  Commission 
has  never  professed  to  build  hard-surfaced  roads,  nor 
would  any  such  construction  be  justified  in  view  of  the 
great  extent  of  country  to  be  covered  with  very  meager 
resources.  In  many  isolated  localities,  the  erection  of 
a  cableway  and  cage  across  a  glacial  stream  or  the 
setting  of  stakes  across  the  open  tundra  is  a  matter  of 
life  and  death  to  the  inhabitants. 

Though  the  commission  began  operations  in  1905,  its 
early  appropriations  were  quite  limited.  By  1913, 
however,  sufficient  work  had  been  done  to  warrant 
consideration  of  a  general  program  of  road  and  trail 
development.  After  a  general  overhauling  of  the  situ- 
ation, a  recommendation  was  submitted  calling  for  an 
expenditure  of  $7,250,000  during  the  succeeding  ten 
years  so  as  to  provide  Alaska  with  a  road  and  trail 
system  such  as  immediate  needs  justified  and  sufficient 
to  meet  all  reasonable  demands  until  the  territory 
should  be  sufficiently  developed  to  take  over  the  inter- 
nal public  works  as  a  part  of  its  own  government. 
Congress  accepted  this  program  in  principle  in  1916 
and  made  an  appropriation  of  $500,000  for  that  year, 
followed  by  a  similar  amount  in  1917.  Then  the  War 
caused  the  program  to  be  practically  abandoned. 

In  1920  the  present  commission  took  charge  and  was 
faced  with  the  need  of  reconstruction  and  rehabilitat- 
ing a  large  part  of  the  old  routes,  with  the  require- 
ment of  a  more  substantial  type  of  construction  and  a 
road  so  surfaced  as  to  stand  light  truck  traffic,  witti 
the  necessity  for  a  system  of  highway  feeders  to  the 
government  railroad,  with  the  need  of  extensions  and 
improvements  to  the  system  in  all  parts  of  the  terri- 
tory, and  all  this  with  a  greatly  increased  cost  of  labor, 
materials,  and  supplies.  In  its  first  report  it  recom- 
mended an  expenditure  of  ten  million  dollars  during 
the  next  ten  years,  about  two-thirds  during  the  next 
five  years  and  the  remaining  third  on  a  decreasing 
scale  during  the  second  five  years.  Work  is  being  con- 
ducted upon  this  program,  though  Congress  has  not 
yet  increased  its  appropriations  sufficiently  to  warrant 
the  expectation  that  the  program  will  be  completed 
within  the  time  limit  proposed. 

The  most  important  project  of  the  commission  is  the 
Valdez-Circle  Military  Road,  or  Richardson  Highway, 
extending  from  Valdez,  an  open-all-the-year  south  coast 
port,  to  Circle,  on  the  Upper  Yukon  River,  a  distance 
of  531  mi.,  or  about  the  distance  from  Boston  to  Rich- 
mond, or  from  Vancouver  to  Banff.     This  road  is  now 


MiaTch  1,  1922 


GOOD     ROADS 


123 


passable  for  automobiles  througihout  except  for  79  mi. 
between  Chatanika  and  Miller  House,  on  the  portage 
between  the  Yukon  and  Tanana  Rivers.  Construction 
upon  this  section  is  actively  under  way.  The  371  mi- 
between  Valdez  and  Fairbanks  was  passable  for  dog 
teams  in  1909,  for  a  light  horse-drawn  wagon  in  1911, 
and  in  1913,  the  first  automobile  made  the  through, 
overland  trip  which  involves  crossing  the  coast  or  Chu- 
gach  Range  through  Thompson  Pass  at  an  elevation 
of  2,750  ft.,  and  the 
main  Rocky  Moun- 
tains, or  Alaskan 
Range,  through  Isa- 
belle  Pass,  at  an  eleva- 
tion of  3,300  ft.  From 
Willow  Creek,  92  mi. 
north  of  Valdez,  there 
is  a  39  mi.  cut-off  to 
Chitina,  at  mile  130 
north  of  Cordova  on 
the  Copper  River  and 
Northwestern  Rail- 
road. 

Of  even  more  im- 
portance than  the 
wagon    roads   to    the 

economic  life  of  the  interior  are  the  winter  sled 
roads  and  trails  over  which  all  mail,  express,  and  per- 
sonnel are  handled.  Even  heavy  freight  can  be 
handled  by  bob-sled  in  the  winter  time  more  economic- 
ally than  by  truck  in  the  summer  time.  Twenty-five 
cents  per  pound  is  not  an  uncommon  charge  for  hand- 
ling provisions  and  miscellaneous  supplies  over  unim- 
proved trails,  and  a  community  considers  itself  lucky 
when  the  through  rate  from  the  railroad,  or  river  land- 
ing, is  reduced  to  less  than  10  ct.  Data  collected  by 
the   commission  indicate  that  transportation  charges 
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will  hi  one  of  the  biggest  producers  along  the  govern- 
ment railroad,  as  the  ground  has  been  iprospected  and 
proven  for  years- 
Prom  Ruby  on  the  Yukon  River,  the  commission  has 
built  and  maintains  a  good  road  to  Long,  30  mi.  south, 
and  a  poor  trail  for  an  additional  30  mi.  to  Poorman. 
The  freight  rate  from  Ruby  to  Long  is  4  ct.  per  lb., 
and  from  Long  to  Poorman  15  ct.  or  19  ct.  for  the 
60  n,i.   (6.33  per  ton  mi-,  or  over  1  mill  per  ton  ft.). 

Operators      on     the 

creeks  around  Poor- 
man  ship  everything 
possible,  bacon,  beans, 
canned  milk,  etc.,  by 
parcel  post,  which  the 
Postoffiee  Department 
handles  for  12  ct.  per 
lb.  and  then  pays  the 
local  freighter  19  ct. 
About  .$200,000  would 
improve  the  30  mi. 
from  Long  to  Poor- 
man  to  wagon  stand- 
ard, whereupon  the 
rate  would  immediate- 
ly drop  to  5  ct.  per  lb.. 
Some  300  tons  actually 
At  a  reduction  of 


a  reduction  of  10  ct.  per  lb. 
passed  over  the  trail  last  season 

10  ct.  per  lb.  the  immediate  annual  saving  to  the  ship- 
pers would  be  $60,000  or  30  per  cent  on  the  investment. 
Development  would  also  be  stimulated  and  much  addi- 
tional freight  handled. 

During  tlie  opening  of  new  diggings  in  the  Chisana 
region  a  few  years  ago,  beans,  coffee,  sugar,  hay, 
candles,  bacon,  grain,  etc.,  were  all  sold  at  $1.50  per  lb. 

Last  summer,  the  freight  charges  for  transporting 
supplies  from  Dawson  in  the  Klondyke  to  .some  oper-. 
upon  freight  actually  passing  over  its  roads  and  trails     ators  about  one  hundred  miles  away  in  the  American 


have  been  reduced  over  $2,000,000  annually  due  to  the 
improved  facilities  provided-  It  is  doubtful,  however, 
if  anything  like  that  amount  of  freight  would  have 
been  transported  without  the  roads,  and  the  indirect 
loss  which  would  have  been  occasioned  by  the  restric- 
tion on  output  and  development  if  the  roads  did  not 
exist,  cannot  be  estimated. 

The  Talkeetna-Cache  Creek  Project  affords  a  strik- 
ing example  of  this.  For  years  the  commission  had 
maintained  a  cnide  pack  trail  into  this  district  and 
the  production  in  1919  and  1920  was  only  about  $140,- 
000  in  gold.  In  1920,  the  commission  expended  $75,000 
on  a  42  mi.  route  to  the  government  railroad,  open- 
ing up  the  entire  mileage  for  sled  traffic,  and  is  con- 
tinuing its  improvement  to  road  standard.  Last  win- 
ter 500  tons  went  into  the  district  by  bob-sled  at  a 
saving  of  3  cts.  per  lb.  or  $30,000  over  the  old  rate. 
As  a  result,  several  hydraulic  plants  are  being  installed 
and  a  hydro-electric  plant  i.s  being  built  to  furnish 
power  for  a  dredge.     In  the  near  future  this  district 


40-mi.  District  were  greater  than  the  original  cost  of 
the  supplies  plus  the  freight  from  the  United  States 
to  the  Klondyke.     (Dawson  is  1,700  mi.  from  Seattle.) 

I  have  seen  supplies  (provisions,  pipe,  lumber,  etc.) 
carried  on  the  backs  of  Indians  from  the  beach  up  a 
slippery  mountain  trail  to  mining  properties  at  the 
rate  of  $60  per  ton  mi.  or  over  1  ct.  per  ton  ft-  Num- 
erous similar  examples  could  be  cited,  and  it  is  hoped 
that  Congress  can  be  made  to  see  the  eventual  econ- 
omy of  increasing  the  federal  investment  in  this  great 
pioneer  country. 

At  the  annual  convention  of  the  Anierioan  Road 
Buildei"s'  Association  in  Chicago  last  month,  two  of 
the  resolutions  passed  relate  to  this  work ;  the  first 
recommends  the  extension  of  the  Federal  Aid  Road 
Acts  to  the  territory;  and  the  second  urges  immediate 
consolidation  of  the  federal  road  building  activities  in 
the  territory  under  the  Alaska  Road  Commission  as 
recommended  by  the  Inter-Dei>artment  Alaska  Board 
and  by  the  Governor  of  Alaska. 
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Standardized  Specifications  for  Mineral 
Aggregates  for  Asphalt  Pavements' 


By  ROT  M.  GHBENf 


Many  of  the  other  details  involved  in  arriving  at 
satisfactory  standard  specifications  for  the  construc- 
tion of  the  various  types  of  asphalt  pavements  arc 
much  simpler  of  solution  than  that  of  drawing  up  a 
suitable  standard  for  the  requirements  of  the  mineral 
aggregates  which  might  be  universally  adopted.  For 
example,  the  asphalt  cements  that  have  been  success- 
fully used  for  the  various  types  of  Avork  have  been 
classified  and  placed  in  suitable  groups  for  description 
in  specifications  and  their  physical  properties  are  care- 
fully controlled  by  the  producers.  Since  the  physical 
and  chemical  pi-operties  of  the  asphalt  cements  that 
have  been  used  successfully  are  known,  and  there  are 
relatively  few  producers  of  such  materials,  it  is  mucli 
easier  to  arrive  at  a  suitable  specification  for  them  than 
is  the  case  with  the  mineral  aggregates  where  there 
are  just  as  many  different  classes  of  materials  as  there 
are  deposits  of  rock  and  gravel  and  their  propertie.s 
can  not  be  controlled  further  than  to  regulate  the  max- 
imum size  of  the  particles  and  the  \iariation  in  sizes. 
Ralizing  these  facts,  it  is  readily  appreciated  that  the 
mateinals  available  for  use  for  any  type  of  pavement 
in  the  different  sections  of  the  country  will  vary 
through  a  wide  range.  Since  it  is  always  desirable 
to  obtain  the  best  material  in  each  locality,  if  it  can  be 
done  economically,  it  is  impossible  to  draft  a  standard 
which  will  be  suitable  for  all  parts  of  the  United 
States.  For  these  reasons,  I  believe  that  the  .stand- 
ardization of  the  specifications  for  the  aggregate  to  be 
used  in  the  various  asphalt  pavement  mixtures  should 
not  be  arbitrarily  drawn. 

A  standard  specification  for  aggregate  is  of  no 
value  except  as  a  guide  in  drafting  specifications  for 
local  conditions  and  as  a  means  of  pointing  out  to  the 
average  engineer  those  points  which  should  be  taken 
into  consideration  in  the  description  of  materials  de- 
sired for  a  specific  purjKwe.  The  adoption  of  a  stand- 
ard specifications,  in  its  entirety,  often  shuts  out  some 
local  material  of  coasiderable  merit,  and  in  some  cases 
may  entirely  shut  out  a  type  of  construction  by  placing 
onnecessarily  rigid  requirements  on  certain  materials 
that  are  essential  for  that  type-  In  other  words. 
standards  for  the  requirements  of  the  physical  prop- 
erties of  aggregat(«  should  be  based  upon  the  materials 
available  in  any  locality  and  should  be  drawn  so  as  to 
admit  all  aggregates  that  have  proven  successful  in 
like  construction  in  the  pasrt,  and  should  be  strict 
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ouough  so  that  all  materials  that  liave  proven  inferior 
are  excluded. 

in  the  discussion  of  this  subject  it  is,  therefore,  my 
intention  to  discuss  the  physical  properties  that  are 
issential  to  the  success  of  the  various  aggregates  for 
use  of  the  different  tyipes  of  construction.  The  definite 
limiting  test  requirements  given  in  the  following  pages 
ai  e  not  intended  for  universal  application  but  are  what 
I  consider  as  good  practice  for  the  materials  available 
for  use  in  Nebraska  and  adjoining  states. 

Since  the  properties  of  the  mineial  aggregate  which 
arc  essential  to  the  success  of  a  bituminous  wearing 
surface  mixture  are  dependent  upon  the  type  of  mix- 
ture which  is  contemplated,  it  will  first  be  necessary  to 
designate  the  ty|pes  which  are  to  be  discussed. 

For  the  purposes  of  this  paper,  the  asphalt  paving 
mixtures  will  be  divided  into  four  classes,  as  follows : 

1.  Sheet  asphalt  wearing  surface  mixtures. 

2.  Asphaltic  concrete,  with  the  material  passing  the 
10-mesh   sieve  predominating. 

3-  Asphaltic  concrete,  with  substantial  proportions 
both  passing  and  retained  on  the  lO-imesh  sieve. 

4.  Asphaltic  concrete,  with  a  preponderance  of  ma- 
terial retained  on  the  10-mesh  sieve. 

Sheet  Asphalt  Wearing-  Surface  Mixtures 

The  function  of  the  aggi'egate  in  a  sheet  asphalt 
wearing  surface  mixture  is  sinnply  to  furnish  a  medi- 
um whereby  a  high  percentage  of  bitumen  may  be  car- 
vied  and  still  produce  a  mixture  with  density  sufficient 
to  prevent  the  entrance  of  water,  toughness  and  elas- 
ticity sufficient  to  prevent  crack  and  and  spalling  of  the 
surface,  and  rigidity  sufficient  to  prevent  rolling  and 
waving. 

Througli  a  long  experience  with  this  type  of  mix- 
ture it  has  been  learned  that  this  sort  of  a  combination 
can  best  be  produced  by  means  of  a  mixture  of  proper- 
ly graded  .sand,  with  tlie  addition  of  a  suitable  amount 
of  Portland  cement  or  stone  dust.  Any  iproperly  grad- 
ed sand  that  is  made  up  of  particles  of  sufficient 
toughness  will  meet  the  requirements  for  sand  for 
this  type  of  construction  provided  it  is  clean  and  does 
not  contain  too  nmch  material  passing  the  200-mesh 
sieve.  The  Portland  cement  or  limestone  dust  is  simp- 
ly added  to  fill  the  smallest  voids  in  the  aggregate 
combination,  thus  promoting  stability,  and  to  increase 
the  toughness  of  the  mixture  through  the  fact  that  the 
asph_a1t  cement  is  absorbed  by  this  aggregate  to  a  very 
large  extent.  Experience  has  also  shown  that  very 
fine  sand,  in  large  amounts  will  not  replace  the  Port- 
land cement  or  limestone  dust  as  a  filler  but  is  in  fact 
undesirable.  This  point  should  be  covered  by  the  spe- 
cifications. 
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Since  the  finished  product  desired  for  this  type  of 
construction  is  known,  it  is  not  necessary  to  specify 
the  grading  of  sand  desired  and  subsequently  repeat 
this  in  the  sipecifications  for  the  finished  mixture  as  is 
so  often  the  custom. 

This  being  the  case  it  is  only  necessary  to  specify 
that  the  sand  shall  be  clean,  hard,  and  durable,  the 
grading  being  given  in  the  formula  for  the  finished 
mixture.  The  amount  of  material  passing  the  200 
mesh  sieve  should  be  limited.  The  description  of  the 
sand  could  be,  as  follows  iij  the  specifications. 

Sand  for  Wearing  Sxtrface  IiUxture 
The  sand  for  the  wearing  surface  mixture  shall  con- 
sist of  clean,  hard,  durable  grains,  free  from  clay, 
loam  and  other  foreign  matter.  Not  more  than  six 
per  cent  of  the  sand  for  the  wearing  surface  mixture 
shall  pass  a  200-mesh  sieve  and  it  shall  be  so  graded 
as  to  produce  a  wearing  surface  mixture  as  hereinafter 
specified  under  "Composition  of  Wearing  Surface 
Mixture,"  when  combined  with  the  mineral  filler  and 
asphalt  cement. 

Since  the  mineral  filler  in  the  mixture  adds  to  its 
toughness  by  assisting  in  retaining  a  larger  proportion 
of  bitumen,  by  absorption,  it  is  essential  that  it  be 
fine  enough  to  act  as  a  true  filler.  The  description  of 
the  filler  could  be  given  in  the  specifications  as  follows. 

Mineral  Filler 

The  mineral  filler  shall  consist  of  limestone  dust  or 
Portland  cement,  which  when  tested  by  means  of  lab- 
oratory screens  shall  meet  the  following  requirements : 

Per  Cent 

Passing      40   mesh   sieve    100 

Passing  200   mesh  sieve,  not  less  than    75 

If  this  tytpe  of  specification  is  used  for  the  mineral 
aggregate  it  then  becomes  necessary  to  give  a  complete 
formula  for  the  desired  finished  product.  The  follow- 
ing is  suggested  as  being  suitable  for  this  purpose. 

The  materials  entering  into  the  wearing  surface  mix- 
ture shall  be  combined  in  such  proportions  as  to  pro- 
duce a  mixture  conforming  to  the  following  limits  of 
comjwsition,  by  weight. 

Per  Cent 

Bitumen    9.5  to  12 

Aggregate. 

Passing  200  mesh  sieve    10  to  16 

Passing  100  mesh  and  retained  on  200  mesh  sieve  5  to  20 
Passing  80  mesh  and  retained  on  100  mesh  sieve  5  to  20 
Passing  40  mesh  and  retained  on  80  mesh  sieve  20  to  40 
Passing     10  mesh  and  retained  on     40  mesh  sieve  15  to  45 

The  finished  mixture  shall  have  not  less  than  30  per 
cent  of  aggregate  (passing  tlie  eighty  mesh  sieve. 

Although  these  specifications  have  been  reduced  to 
a  very  simple  statement  of  requirements,  it  must  be 
understood  that  the  aggregate  grading  must  be  care- 
fully controlled,  within  the  limits  given,  by  someone 
who  is  competent  to  supervise  this  tj^pe  of  construc- 
tion. 

Asphaltic  Concrete,  with  the  Material  Passing  the  10 
Mesh  Sieve  Predominating 

In  this  type  of  construction,  which  includes  the  To- 
X>eka  mixture,  a  small  amount  of  stone  is  introduced 


in  the  ndxing  of  fine  bituminous  mortar.  The  punpose 
of  this  stone  in  the  aggregate  is  simply  to  reduce  the 
cost  of  construction  by  reducing  the  surface  area  to 
be  coated  by  the  asphalt  cement,  since  it  requires  much 
less  bitumen  to  thoroughly  coat  the  stone  which  is 
replacing  a  like  volume  of  fine  aggregate.  The  stone, 
or  larger  aggregate,  in  this  type  of  mixture,  does  not 
contribute  to  its  stability  in  any  way  as  each  particle 
is  completely  surrounded  with  the  fine  bituminous  mor- 
tar and  the  larger  particles  are  never  in  contact  with 
each  other.  The  success  of  such  a  combination  is  then 
dependent  ujpon  the  correct  proportioning  of  the  finer 
particles  of  aggregate  the  same  as  in  the  case  of  the 
sheet  asphalt  wearing  surface  mixture.  For  this  rea- 
son it  is  just  as  essential  to  produce  a  properly  graded 
material  having  the  same  physical  properties  as  the 
material  used  for  the  fine  aggregate  in  the  sheet  as- 
iphalt.  The  specifications  for  the  sand  to  be  used  in 
this  type  of  construction  should,  therefore,  ^e  the  same 
as  for  sheet  asphalt. 

The  large  aggregate  is  exposed  in  the  entire  surface 
of  the  pavement  over  a  relatively  small  area  of  the 
total  and  it  is  therefore  not  so  essential  that  the  par- 
ticles be  as  tough  and  hard  as  for  use  in  mixtures 
where  a  very  large  area  is  exposed  in  this  way.  It  is 
also  absolutely  essential  that  the  maximum  size  of 
these  particles  should  not  exceed  ^-in.  in  diameter  aa 
they  are  entirely  surrounded  by  a  bituminous  mortar 
and  if  the  size  is  great  there  will  be  a  much  greater 
tendency  for  movement  in  the  mixture,  due  to  stress 
at  their  edges. 

In  drawing  specifications  for  the  aggregate  entering 
into  pavements  of  this  class  it  is  well  to  specify  limits 
of  toughness  and  resistance  to  abrasion  as  well  as  re- 
quirement for  cleanliness  and,  a  limit  to  the  maximum 
size.  The  properties  of  the  local  materials  that  have 
been  successfully  used  should  be  kept  in  mind  in  order 
that  those  materials  that  have  given  satisfactory 
service  may  not  be  eliminated  by  requirements  that 
may  be  too  strict.  If  this  type  of  mixture  is  contem- 
plated the  following  specifications  for  the  coarse  ag- 
gregate are  suggested. 

The  crushed  stone  shall  be  produced  from  rock  hav- 
ing a  French  coefficient  of  wear  of  not  less  than  8, 
and  a  toughness  of  not  less  than  8  when  tested  in  ac- 
cordance with  the  methods  described  in  the  U.  S.  De- 
partment of  Agriculture  Bulletin  347,  'pages  4  and  11, 
respectively.  The  crushed  stone  shall  be  reasonably 
uniform  in  quality  and  free  from  soft  or  disintegrated 
particles  and  shall  vary  from  j4-in.  to  the  smallest 
particle  retained  on  the  finest  mesh  screen  commonly 
used  in  stone-crushing  plants. 

The  specifications  for  sand  and  mineral  filler  s'hould 
be  the  same  as  for  sheet  asphalt  wearing  surface  mix- 
tures as  they  serve  a  like  purpose  in  this  type  of  con- 
struction and  should  therefore  be  identical. 

When  this  type  of  specification  is  used  to  describe 
the  aggregates  it  is  then  essential  to  give  a  comiplete 
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description  of  the  formula  for  the  completed  mixture. 
A  good  specifieation,  and  one  which  is  in  very  com- 
mon use  is  as  follows: 

Per  Cent 

Bitumen   7  to  11 

A^gregste. 

Passing  200  mesli  sieve 5  to  11 

Passing  80  meslt  and  retained  on  200  mesli  sieve  10  to  25 
Passing  40  mesh  and  retained  on  80  mesh  sieve  11  to  36 
Passing  10  mesli  and  retained  on  40  mesh  sieve  7  to  25 
Passing   \i   In.  screen  and  retained  on  10   mesh 

sieve 11  to  25 

Passing  hi  in.  and  retained  on  hi,  Inch  screen...  .     5  to  10 

Aiq>haltic  Concrete,  with  Substantial  Proportions  Both 
Passing  and  Retained  on  the  10  Mesh  Sieve 

"When  properly  designed  this  class  of  mixture  pro- 
duces a  dense  asplialtic  concrete  with  a  high  percentage 
of  well  graded  stone,  the  particles  of  which  are  in 
very  intimate  contact  with  each  other.  The  function 
of  the  stone  in  this  mixture  is  to  add  to  the  stability  of 
the  combination  by  interlocking,  and  to  reduce  the 
surface  area  to  be  coated  with  asphalt  cement  and 
thus  reduce  the  cost  of  construction.  In  order  to  be 
aatisfactorj'  in  this  aggregate  the  stone  must  have  suffi- 
cient toughness  and  hardness  to  resist  the  internal 
wear  that  may  be  set  up  in  the  mixture  as  well  as 
withstand  the  shocks  of  traffic  that  come  directly  upon 
the  surface  of  the  pavement.  For  these  reasons  it  is 
essential  that  the  stone  be  harder  and  tougher  than 
that  used  in  the  preceding  class  of  asphaltic  concrete. 

The  mortar  surrounding  the  particles  of  large  aggre- 
gate in  this  combination  must  be  suitably  designed  and 
proportioned  also,  in  order  that  it  may  protect  the 
large  aggregate  by  holding  it  securely  in  place  and 
thus  prevent  internal  wear.  The  mortar  must  also 
cushion  the  effects  of  traffic  on  the  surface  so  that  the 
shocks  will  not  be  great  enough  to  completely  crush 
the  large  aggregate.  To  accomplish  this  purpose  the 
sand  must  be  properly  graded  the  same  as  in  the  two 
preceding  classes  of  pavements.  The  following  clause 
will  cover  these  details. 

The  mineral  aggregate  shall  consist  of  hard  crushed 
stone  or  an  approved  mixture  of  hard  crushel  stone 
and  gravel  for  the  coarse  aggregate.  Not  less  than 
90  per  cent  of  the  coarse  aggregate  shall  pass  a  1-in. 
screen.  To  the  coarse  aggregate  shall  be  combined 
sand  or  a  mixture  of  sand  and  fine  stone  screenings 
for  the  smaller  sizes. 

The  large  aggregate,  or  that  portion  of  the  mineral 
aggregate  larger  than  Vi-in-  in  diameter  shall  be  com- 
posed of  stone  or  gravel,  all  of  which  has  been  pro- 
duced from  materials  having  a  French  coefficient  of 
wear  of  not  leas  than  10  when  tested  in  accordance 
with  the  methods  described  in  the  U.  S.  Department 
of  Agriculture  Bulletin  347,  page  4.  All  the  crushed 
stone  larger  than  i^-ii-  in  diameter  shall  be  produced 
from  materials  having  a  toughness  of  not  less  than 
10  when  tested  in  accordance  with  the  methods  de- 
scribed on  page  11  of  the  U.  S.  Department  of  Agri- 
culture Bulletin  347. 


The  coarse  aggregate  shall  be  reasonably  uniform  in 
quality  and  free  from  soft  or  disintegrated  particles  or 
other  objectionable  matter  occurring  free  or  as  a  coat- 
ing on  the  aggregate,  and  free  from  an  excess  of  flat  or 
elongated  pieces. 

When  this  type  of  specification  is  used  it  is  neces- 
sary to  also  give  the  formula  for  the  mixture  desired. 
The  following  is  suggested  for  this  purpose. 

The  dense  bituminous  concrete  wearing  surface  mix- 
ture, produced  in  the  manner  hereinbefore  set  forth, 
shall  contain  the  following  percentages,  by  weight  of 
bitumen  and  aggregate,  the  sieves  being  used  in  the 
order  named. 

Bitumen    5   to     8 

Aggregate. 

Passing  200  mesh  sieve 4  to  10 

Passing  80  mesh  and  retained  on  200  mesh  sieve  4  to  14 
Passing  10  mesh  and  retained  on  80  mesh  sieve  18  to  30 
Passing    %    in.  screen  and  retained   on  10   mesh 

sieve 24  to  35 

Passing  1  in.  and  retained  on  %  in.  screen 20  to  38 

Passing  IM,  in.  and  retained  on  1-in.  screen   ....      0  to  10 

The  finished  mixture  shall  have  from  55  to  70  per 

cent  of  mineral  aggregate  retained  on  a  10  mesh  sieve, 

and  not  less  than  10  per  cent  (passing  an  80  mesh  sieve. 

When  Mixture  Is  Used  as  Closed  Binder  in  Sheet 
Asphalt  Construction 

When  mixtures  of  this  class  are  used  as  closed  binder 
in  sheet  asphalt,  construction  and  combination  is  made 
up  of  a  mixture  of  fine  and  coarse  aggregate  with  as- 
phalt cement,  without  the  use  of  the  fine  filler  of  Port- 
land cement  or  stone  dust.  The  function  of  the  coarse 
and  fine  aggregates  are  the  same  as  in  the  case  where 
it  is  used  as  a  wearing  surface.  The  large  aggregate, 
however,  need  not  be  nearly  so  tough  and  hard  since 
the  shocks  of  traffic  never  come  directly  upon  it  and 
there  is  no  possibility  that  there  will  be  internal  wear 
as  the  combination  is  always  protected  by  a  layer  of 
fine  bittiminous  mortar  to  a  depth  as  great  as  one  or 
even  two  inches. 

The  requirement  for  the  sand  should  be  the  same 
as  for  other  types  of  construction  although  the  stone 
may  be  much  softer.  A  suitable  specification  describ- 
ing the  stone  might  be  as  follows : 

The  sto'ne  for  the  binder  course  shall  be  produced 
from  tough  and  durable  rock  having  a  French  coeffi- 
cient of  wear  of  not  less  than  6  when  tested  in  accord- 
ance with  the  methods  described  in  the  U.  S.  Depart- 
ment of  Agriculture  Bulletin  347,  page  4.  It  shall  be 
reasonably  uniform  in  quality  and  free  from  foreign 
substances.  When  tested  by  means  of  laboratory 
screens  it  shall  meet  the  following  requirements  and 
be  uniformly  graded  between  the  limits  given. 

Passing  1-in.  screen,  not  less  than   95  per  cent 

Passing  hi   in.  screen,  not  more  than   10  per  cent 

Asphaltic  Concrete,  with  a  Preponderance  of  Material 

Retained  on  the  10-Mesh  Sieve 

This  type  of  mixture  is  made  up  of  a  commercial  size 

of  broken  stone  or  of  "one  size  stone"  mixed  with  a 

bituminous  cement.  The  mixture  produced  in  this  way 


March  1,  1922 


GOOD    ROADS 


127 


k  not  an  absolutely  dense  solid  and  no  attempt  should 
be  made  to  fill  the  voids  with  the  asphalt  cement.  The 
stability  of  the  mixture  is  almost  entirely  dependent 
upon  the  interlocking  of  the  large  aggregate  and  the 
wearing  qualities  of  the  surface  are  almost  entirely 
dependent  upon  the  hardness  and  toughness  of  this 
material.  For  this  reason  it  is  absolutely  essential  that 
this  material  be  as  tough  as  possible  in  order  to  with- 
stand the  shocks  of  traffic  and  resist  the  effects  of  in- 
ternal wear  which  is  inevitable  when  this  type  of  mix- 
ture is  used. 

The  limits  of  the  properties  of  the  mineral  aggro- 
gate  that  should  'be  specified  are  dependent  upon  the 
amount  of  traffic  that  must  be  carried  by  the  surface. 
If  it  is  absolutely  known  that  the  traffic  is  to  be  com- 
posed entirely  of  rubber  tired  vehicles  and  is  very 
light  it  is  safe  to  allow  the  use  of  much  softer  rock 
than  if  the  amount  and  nature  of  the  traffic  is  unknown 
or  is  known  to  be  severe  and  to  consist  of  a  large  pro- 
portion of  iron  tired  vehicles.  If  a  severe  traffic  is 
contemplated  it  is  necessary  that  the  aggregate  should 
be  better  than  for  any  other  type  of  asphaltic  concrete 
mixture  in  as  much  as  the  aggregate  must  be  of  such 
quality  that  is  capable  of  carrying  all  the  wear  of  traf- 
fic, including  wear  and  abrasion  of  the  surface. 

A  reasonable  specification  for  this  type  of  material 
is  that  recommended  by  the  American  Society  for  Mu- 
nicipal Improvements  in  1917,  which  is  as  follows: 

The  broken  stone  shall  be  suhjected  to  abrasion  and 
toughness  tests  conducted  by  the  engineer  in  accord- 
ance with  methods  adopted  by  the  American  Society 
for  Testing  Materials,  August  15,  1908.  The  broken 
stone  used  for  the  construction  of  the  wearing  course 


shall  show  a  loss  on  abrasion  of  not  more  than  3.5  per 
cent  or  a  French  coefficient  of  wear  of  not  less  than 
11.5,  and  its  toughness  shall  not  be  less  than  13.0. 

Mixture  Used  as  Open  Binder  in  Sheet  Asphalt 
Construction 

If  this  class  of  mixture  is  used  as  an  open  binder  for 
sheet  asphalt  construction  the  requirements  of  the  ag- 
gregate are  the  same  as  for  the  aggregate  for  closed 
binder,  already  described. 

In  closing  I  wish  to  again  draw  your  attention  to 
the  fact  that  it  is  not  good  policy  to  recommend,  for 
universal  adoption,  a  specification  for  the  mineral  ag- 
gregate for  asphalt  pavements  and  place  limiting  tests 
requirements  on  these  materials  because  of  the  fact 
that  materials  differ  so  widely  in  nature  in  different 
localities  and  it  is  always  advisable  to  draw  specifica- 
tions for  materials  so  as  to  allow  the  use  of  only  the 
best  materials  available  in  any  locality  so  long  as  com- 
petition is  obtained  and  the  interests  of  economy 
served.  While  the  specifications  quoted  are  not  intend- 
ed for  universal  adoption  it  should  be  noticed  that  the 
large  aggregate  should  be  of  better  quality  for  the 
cheaper  types  of  construction  than  for  the 
more  expensive.  The  last  form  of  asphaltic  concrete 
requiring  the  best  large  aggregate  while  sheet  asphalt 
binder  and  also  "Topeka"  may  be  constructed  by  the 
use  of  poorer  grade  of  stone. 

For  successful  results  with  any  specifications  it  is 
also  absolutely  essential  that  the  mineral  aggregate 
grading  be  controlled  within  very  narrow  limits  by  one 
who  understands  the  fundamental  principles  underly- 
ing the  various  asphalt  paving  mixtures  and  who  is  ex- 
perienced in  their  construction. 


Inspection  and  Control  of  Concrete  Materials 


By  B.  W.  OBUMt 


The  inspection  and  control  of  materials  used  in  the 
construction  of  concrete  roads  are  certainly  factors  of 
large  importance  in  the  success  of  such  enormous  un- 
dertakings at  the  present  time.  The  importane  of  hav- 
ing an  adequate  organization  to  care  for  these  factors 
can  scarcely  be  controverted.  That  the  inspection  and 
control  of  the  materials  should  both  be  the  responsi- 
bility of  a  single  department  of  a  state  highway  admin- 
istration is  logical  and  is  productive  of  good  results. 
I  do  not  believe  that  equally  good  results  can  be  se- 
cured when  the  authority  of  the  engineer  in  charge  of 
tests  stoips  when  the  material  is  accepted  or  rejected 
for  use.  / 

The  making  of  concrete  is  a  chemical  process,  and 
the  quality  of  the  concrete  depends  upon  many  fac- 
tors outside  of  the  influence  of  the  mechanical  processes 
involved.    There  will  be  no  conflict  in  authority  if  the 
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mission. 


engineer  in  charge  of  materials  carries  the  responsibil- 
ity for  the  mechanical  processes  of  manufacture..  This 
division  of  responsibility  may  be  compared  so  that  in 
a  cement  mill,  of  which  the  plant  chemist  is  held  re- 
siponsible  for  the  quality  of  the  product,  and  the  super- 
intendent for  the  production.  The  chemist  chooses  and 
combines  Ms  raw  materials,  exercising  such  authority 
in  the  plant  as  is  necessary  to  insure  the  correct  carry- 
ing out  of  his  orders.  The  superintendent  takes  the 
materials  at  this  point  and  completes  the  mechanical 
process  of  manufacture.  In  a  like  manner  on  a  con- 
crete road  the  engineer  of  materials  should  be  resi>on- 
sible  for  the  materials  used  and  their  combinations  and 
should  exercise  such  authority  upon  the  road  as  may 
be  necessary  for  the  protper  carrying  out  of  his  orders. 
These  principles  have  been  recognized  in  the  organi- 
zation for  the  construction  work  of  the  Iowa  Highway 
Commission.  Each  project  is  in  direct  charge  of  a 
resident  engineer,  who  is  directly  under  the  district 
engineer.     The  district   engineer  reports  in  turn  to 
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both  the  construction  engineer  and  the  engineer  of 
materials,  as  well  as  other  department  heads  concern- 
ing matters  within  their  jurisdictions.  The  construc- 
tion engineer,  engineer  of  materials  and  tests,  and  gen- 
eral inspectors  attached  to  both  departments  visits  the 
projects  as  often  as  possible  and  give  detailed  instruc- 
tion to  the  resident  engineer  and  liis  force.  The  mate- 
rial itself,  as  respect  to  quality  may  be  inspected  either 
at  the  source  or  upon  arrival  depending  upon  individ- 
ual project  conditions.  We  try,  however,  to  have  all 
Diaterial  passed  upon  before  it  reaches  the  job. 

The  primary  function  of  our  department  of  mate- 
rials and  tests  are : 

(1)  To  study  the  materials  available  within  the  state 
and  develop  proper  engineering  methods  for  their  use 
in  the  various  classes  of  construction.  This  involves  a 
great  deal  more  than  the  writing  of  arbitrary  specifica- 
tions based  upon  commonly  acceipted  usages. 

(2)  To  find  and  develop,  if  necessary,  the  logical 
materials  for  each  project.  This  covers  bridge  work 
and  gravel  and  macadam  roads  as  well  as  paving. 

(3)  To  inspect  every  consignment  of  material  in- 
tended for  use  under  state  supervision,  and  make 
proper  disposal  of  same. 

(4)  To  supervise  the  use  of  these  materials  to  make 
sure  that  the  results  anticipated  are  obtained. 

(5)  To  conduct  research  work  to  aid  in  the  design  of 
roads,  and  for  the  solution  of  problems  peculiar  to  our 
condition.  The  proper  use  of  the  most  available  sup- 
ply involves  considerable  research  work. 

The  distribution  of  materials  suitable  for  eonci-ete 
roads  in  the  different  parts  of  the  United  States  shows 
a  wide  variety  of  conditions,  and  I  am  aware  that  in 
many  states  which  are  blessed  with  an  adequate  and 
well  distributed  supply  of  aggregates,  our  primary 
problem  of  making  proper  use  of  what  we  have,  will 
not  be  of  paramount  interest.  However,  I  do  believe 
that  steady  advances  will  be  made  in  the  use  of  mate- 
rials, and  that  there  is  a  possibility  of  irrtproveraent  in 
even  the  most  favored  localities. 

Owing  to  transportation  costs,  together  with  large 
construction  operations  in  the  surrounding  states,  we 
realize  that  Iowa  public  works  must  be  built  with  ma- 
terials produced  in  Iowa.  Not  all  of  the  material 
which  mtist  ultimately  be  used  will  conform  to  the  com- 
monly accepted  standards.  Nevertheless,  in  order  to 
discharge  the  duties  which  have  been  given  to  us  as 
engineers,  we  must  find  out  how  to  properly  use  these 
materials  to  the  very  best  advantage.  We  might,  of 
course,  shirk  this  duty  for  a  time  by  insisting  upon 
the  use  of  commonly  accepted  standards  no  matter 
what  the  cost,  but  this  procedure  would  be  neither 
good  business  nos  good  engineering.  To  give  a  single 
incident  illustrative  of  our  efforts  to  properly  meet 
these  conditions,  I  would  refer  to  the  use  of  concrete 
mixtures  containing  higher  percentages  of  sand  than 
have  commonly  been  considered  possible.  The  need 
arises  from  the  fact  that  all  gravel  deposits  in  Iowa 


contain  more  than  fifty  per  cent  sand.  To  carry  on 
the  enormous  amount  of  public  work  contemplated,  and 
waste  one-half  of  our  sand  sulpply  in  the  process,  as 
would  be  required  if  we  adhered  to  such  usual  ratios 
of  1 :2  -.3^2,  etc.,  would,  as  I  said  before,  be  neither  good 
business  nor  good  engineering.  Accordingly  through 
research  work  accomplished  in  Iowa  and  elsewhere,  the 
department  has  been  able  to  recommend  a  series  of 
more  economical  mixtures,  M'hich  in  two  years  of  use 
have  demonstrated  the  possibility  of  making  suitable 
concrete  in  this  way.  I  will  not  go  into  the  proof  of 
this  statement  here.  We  have  it.  Study  of  this  par- 
ticular problem  will  probably  go  on  for  many  years. 
Another  pressing  problem  is  in  the  proper  use  of  our 
vast  quantities  of  soft  limestone. 

Certainly  a  primary  duty  of  any  material  depart- 
ment is  to  study  the  material  resources  of  the  state  in 
order  that  the  most  logical  sources  may  be  used  on  each 
project.  Probably  in  view  of  the  recent  great  increase 
in  road  construction,  only  a  few  states  have  material 
production  facilities  up  to  present  day  demands.  In 
Iowa  at  least  this  is  far  from  being  the  case.  We, 
therefore,  keep  prospecting  parties  constantly  in  the 
field  studying  local  conditions.  Illustrative  of  accom- 
plishment along  this  line,  the  following  instances  are 
cited. 

During  1920  and  1921  new  sources  of  concrete  ag- 
gregate were  investigated  and  later  developed  for  11 
of  the  30  paving  contracts  completed  in  1920  and  1921. 
All  of  these  projects  have  been  successfully  completed 
from  these  sources  as  originally  recommended.  Upon 
some  of  these  contracts  an  actual  money  saving  to  the 
county  can  be  shown.  Upon  the  others  the  advantage 
lay  in  the  accelerated  progress  of  the  work.  Four  of 
the  gravel  pits  were  actually  found  by  the  prospecting 
parties  of  the  highway  commission.  The  development 
of  the  others  was  only  made  possible  through  the  co- 
operation of  the  highway  commission.  Three  were  de- 
veloped by  the  counties,  five  by  the  paving  contractors 
and  three  by  outside  interests. 

The  average  price  per  mile  for  52.93  mi.  of  concrete 
pavement,  upon  which  an  actual  money  saving  can  be 
estimated  was  $39,300,  as  compared  with  an  average 
price  of  $42,000  per  mile  for  111.61  mi.  let  under  the 
same  mai-ket  conditions  and  using  commercial  mate- 
rials. 

Detailed  estimates  of  the  saving  in  cost  on  these  va- 
rious projects  substantiate  the  approximation  given 
above.  We  are  also  pleased  to  state  that  the  contrac- 
tors have  come  to  realize  that  we  have  accurate  knowl- 
edge concerning  the  material  situation  and  consult  us 
vei-y  freely  before  each  letting. 

The  actual  inspection  of  the  materials  entering  into 
a  road  is  of  course  a  fundamental  and  vital  function, 
but  it  is  also  one,  which  if  well  organized  and  adminis- 
tered on  a  basis  of  absolutely  fair  dealing,  can  be  easily 
put  on  a  reasonably  efficient  basis.  There  are  always 
(Continued    on    page    130) 
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if  possible,  accompatued  by  photographs.  Those  accepted  will  be 
Paid  for  at  current  rates. 


Volume  LXII. 


March    1,    1922 


Number  9 


PROPOSED  BOND  ISSUE  FOR  KENTUCKY 

The  Lower  House  of  the  Kentucky  Legislature  has 
passed  a  measure  providing  for  a  referendum  vote  on 
a  proposed  $50,000,000  road  bond  issue.  If  this  bond 
issue  is  approved  by  the  people  Kentucky  will  be  able 
to  construct  a  state  system  of  highways,  like  the  many 
other  states  that  have  voted  bond,  issues  during  the 
past  few  years. 

Kentucky  was  one  of  the  first  states  to  recognize  the 
importance  of  roads  to  the  public  welfare.  In  1820  the 
General  Assembly  of  that  state  appropriated  money  for 
ro^d  work  and  in  1830  the  sum  of  $50,000  was  provided 
for  .highway  improvement.  By  1837  a  total  of  two  and 
one-half  million  dollars  had  been  expended  on  road 
work.  At  that  time  the  state  highway  department  had 
a  force  of  thirteen  members  and  the  chief  engineer 
received  a  salary  of  $5,000,  a  magnificent  salary  at 
that  period  and  an  amount  greater  than  a  number  of 
state  highway  engineers  receive  even  at  this  day.  How- 
ever, state  road  work  was  suspended  during  and  after 
the  Civil  War  until  1912,  when  the  State  Road  De- 
partment was  formed.  But  during  that  period  many 
turnpike  companies  were  chartered  and  several  thou- 
sand miles  of  roads  were  'built  with  private  capital. 


GASOLINE  TAXES  FOR  ROAD  FUNDS 

Fifteen  states  now  impose  a  tax  on  gasoline  and  six 
other  states  are  considering  gasoline  tax  bills,  accord- 
ing to  the  National  Automobile  Chamber  of  Commerce. 
It  is  quite  probable  that  within  a  few  years  practically 


all  the  states  will  impose  a  tax  upon  gasoline,  since  this 
form  of  taxation  is  one  of  the  most  equitable  in  that 
it  is  distributed  in  proportion  to  the  use  of  highways 
by  motor  vehicles.  If  an  automobile  uses  ten  gallons 
of  gasoline,  and  another  automobile  uses  twenty  gal- 
lons of  gasoline  in  a  day,  it  is  logical  that  the  second 
should  pay  a  greater  tax  than  the  first. 


EARTH  EXCAVATION  UNIT   COSTS 

During  the'  past  five  years  24,526,415  cu.  yd.  of 
earth  excavation  was  completed  on  federal  aid  con- 
tracts, according  to  a  communication  to  GOOD  ROADS 
from  the  U.  S.  Bureau  of  Public  Roads,  printed  else- 
where in  this  issue.  The  unit  cost  per  yard  in  New 
England  and  the  Middle  Atlantic  States  (New  York, 
New  Jersey  and  Pennsylvania)  during  the  entire  pe- 
riod was  twice  the  unit  cost  of  earth  excavation  pre- 
vailing in  other  states.  However,  excavation  in  these 
eastern  states  forms  a  smaller  part  of  road  work  than 
it  does  in  other  states;  hence  there  is  less  competition 
among  contractors.  Also,  labor  is  usually  higher  in 
the  East  than  in  the  West. 

Comparing  the  unit  costs  of  earth  excavation  for  the 
year  1921  with  the  year  1917,  we  find  that  1921  costs 
are  not  very  much  higher  than  those  of  1917 ;  in  other 
words,  excavation  costs  'have  been  materially  reduced. 
During  the  years  1919  and  1920  excavation  costs,  in 
common  with  other  road  costs,  reached  their  highest 
point,  but  in  1921  they  started  on  a  downward  path 
and  now  are  on  a  level  comparable  with  that  of  1917. 


RELATIVE  GRADING  AND  PAVING  COSTS 

What  part  of  the  cost  of  a  road  goes  into  grading 
and  structures  that  are  more  or  less  permanent,  and 
what  part  goes  into  the  paving,  w'hich  may  eventually 
wear  out? 

This  question  is  answered  fully  by  statistics  com- 
piled by  the  Bureau  of  Public  Roads  of  the  United 
States  Department  of  Agriculture,  printed  elsewhere 
in  this  issue,  on  1,350  completed  Federal-aid  roads,  in- 
volving 7,500  mi.  of  road,  at  a  total  cost  of  $112,000,000. 
Of  the  total  cost,  21  per  cent  went  into  grading,  14 
per  cent  into  structure,  62  per  cent  into  paving,  and 
3  per  cent  for  engineering.  These  are  the  average  fig- 
ures for  the  whole  of  the  United  States,  but  there  is 
considerable  variation  in  different  sections. 

In  the  Middle  Atlantic  States,  where  grading  is  not 
heavy  and  paving  must  be  built  for  heavy  traflSc,  t'he 
cost  of  the  paving  rises  to  75  per  cent  and  the  grading 
and  structures  fall  to  15  per  cent  and  9  per  cent,  re- 
spectively. 

In  the  Mountain  States  the  problem  is  very  different, 
much  of  the  work  being  new  construction  with  heavy 
grading,  and  the  highest  type  of  surface  is  not  neces- 
sary. In  this  group  of  states  the  cost  of  grading 
amounted  to  33  per  cent,  structures,  20  per  cent,  and 
paving  42  per  cent. 
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INSPECTION  AND  CONTROL  OF  CONCRETE 
MATERIALS 

(Continued    from    page    128) 

problems  relating  to  methods  of  testing  and  test  lim- 
its, to  occupy  the  attention  of  the  laboratory  and  in- 
spection force,  but  their  priuciipal  endeavor  must  be  to 
make  sure  that  only  materials  capable  of  producing 
sound  concrete  go  into  the  work. 

There  are  two  general  schemes  for  handlmg  the  in- 
spection at  the  shipping  origin  and  after  .arrival  at  tli( 
destination.  Althougli  we  have  used  both  plans,  de- 
pending upon  local  conditions,  we  strongly  incline  to 
the  firet  method  even  at  slightly  increased  expense. 
Practically  all  of  our  difficulties  the  past  season  arose 
from  the  rejection  of  material  after  arrival  at  the  work. 
The  rejection  of  material  in  this  way  always  causes  a 
controversy,  which  frequently  results  in  hard  feelings 
on  the  part  of  party  whose  financial  interests  are  in- 
volved. On  the  other  hand  rejection  of  consignments 
of  material  at  the  source  seldom  hurt  anyone's  feel- 
ings or  pocket  book.  Our  need  for  plant  inspection 
arises  from  the  facts  that  we  are  using  material  in 
very  much  larger  lots  and  under  more  rigid  insipection 
than  has  ever  before  been  the  case.  I  can  understand 
that  in  Pennsylvania,  where  the  producers  have  be- 
come thoroughly  accustomed  to  the  usages  and  require- 
ments of  highway  work  that  the  second  scheme  of  in- 
spection is  working  very  successfully.  • 

During  1921  the  department  inspected  and  tested 
the  material  entering  into  165  mi.  of  pavement,  1,013 
mi  of  tile  drains,  and  2,005  bridges  and  culverts  on 
the  Iowa  primary  road  system.  This  has  involved  the 
detailed  examination  of  approximately  3,635  cars  of 
cement,  5,625  cars  of  sand,  8,819  cars  of  screened 
gravel  and  crushed  stone,  5,040  cai-s  of  pit  run  gravel, 
425  cars  of  paved  brick,  80  cars  of  reinforcing  steel 
and  1,798  cars  of  drain  tile.  Tests  were  made  upon 
24.335  samples  of  material. 

The  control  of  the  materials  should  not  end  when  in- 
spected for  quality,  but  must  at  least  continue  until 
they  are  in  the  mixer.  Conditions  in  Iowa  require  the 
use  of  a  variety  of  mixtures,  and  in  the  case  of  gravel 
aggregates,  we  have  adopted  specifications  for  propor- 
tion.s  on  a  weight  basis.  Since,  thus  far  all  actual 
measurements  are  made  by  volume,  it  is  necessary  for 
the  plant  inspector  to  make  frequent  determinations  of 
the  weight  per  unit  volume  of  the  materials  in  order 
that  the  proper  relation  of  materials  to  each  other  may 
be  maintained.  We  have  become  impressed  with  the 
fact,  thoroughly  demonstrated  by  adequate  test  data, 
that  under  older  methods  our  concretes  have  been  sadly 
lacking  in  uniformity  as  respects  particularly  the  re- 
lation between  sand  and  coarse  aggregates.  Varia- 
tions of  25  per  cent  on  samples  analyzed  from  day  to 
day  are  the  rule  rather  that  the  exception.  We  have 
therefore  adopted  the  following  measures  of  control, 
(a)  more  frequent,  checking  of  measuring  devices,  (b) 
statement  of  proportions  by  weight,  (c)  rigid  insistance 


upon  compliance  of  material  with  the  screening  toler- 
ance allowed  by  the  specifications  and  (d)  arrange- 
ment of  proportions  to  minimize  the  bad  effects  of  va- 
riation in  the  mixture.  In  the  last  case  the  ratio  of 
cement  to  total  aggregate  is  made  such  on  a  given  job. 
tliat  variations  in  the  ratio  of  sand  to  coarse  aggregate 
will  add  to  rather  than  decrease  the  strength  of  the 
concrete.  A  necessary  adjunct  to  the  proper  control 
of  the  materials  is  information  as  to  the  results  accom- 
plished. We  cover  this  need  by  making  specimens  ev- 
ery day  ulpon  all  paving  projects  for  crushing,  trans- 
verse and  wear  tests  of  the  actual  concrete  in  the  road. 
Accompanying  these  specimens  is  a  sieve  analysis  of 
the  aggregate  made  upon  a  sample  secured  from  the 
road,  by  washing  out  the  cement  from  a  large  sample 
of  concrete  from  the  same  batch.  Many  thousand  of 
tlie  specimens  are  tested  and  studied  in  the  winter  time. 
Later  on,  after  the  road  has  been  in  use  for  some  time, 
cores  large  enough  for  testing  are  cut  at  regular  inter- 
vals and  yield  much  useful  corroborative  information. 

The  inspection  and  control  of  materials  as  outlined 
in  this  paper  cannot  be  carried  on  without  new  prob- 
lems and  new  phases  of  old  problems  constantly  pre- 
senting themselves.  The  solution  of  these  problems 
must  be  attacked  and  in  this  attack  are  involvied  tech- 
nical researches  of  considerable  magnitude.  A  vital 
need,  in  these  formative  days  of  real  road  building, 
for  any  highway  department,  is  provision  for  the  re- 
search work  demanded  by  local  conditions.  The  high- 
way engineers  also  owe  it  to  the  public  and  each  other 
to  participate  in  the  solution  of  the  broader  problems 
of  highway  economies  and  construction. 

The  force  of  the  materials  department  can  be  used 
very  efficiently  during  the  winter  months  upon  re- 
search problems  and  material  resource  surveys.  Prob- 
lems under  investigation  at  the  present  time  are  as 
follows :  methods  of  testing  cement,  crushed  stone  and 
lubricating  oil;  effect  of  shale  pebbles  upon  concrete; 
proper  metliods  for  use  of  fine  river  sand;  relation  of 
various  material  factors  to  cracking  of  concrete  pave- 
ments, involving  crushing,  transverse,  and  tensile  tests 
of  many  combinations  of  materials;  service  tests  of 
ipaint;  quality  of  concrete  mixing  water;  comparative 
value  of  various  Iowa  material. 

In  administering  our  department  of  materials  and 
tests  as  outlined  herein,  we  think  we  have  been  of 
some  service  to  tbe  county  officials,  contractors  and 
material  producers,  as  well  as  the  engineers  in  charge 
of  the  work.  We  pride  ourselves  somewhat  upon  the 
attempts  we  have  made  to  use  any  logical  source  of 
material  supply  offered.  We  hope  to  be  able  to  do 
our  work  in  a  practical  common  sense  way,  so  that  all 
materials  that  should  be  used  will  be  used  and  so  that 
all  t'lie  materials  that  are  used  will  produce  a  first  class 
job. 

The  New  Jersey  House  has  passed  a  bill  providing 
for  a  referendum  vote  next  November  on  a  $40,000,000 
bond  issue  to  complete  the  state  system  of  highways. 
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Cooperation  in  Road  Building 


By  VVmMAM  OBDf 


When  I  had  looked  my  subject  squarely  in  the  eye 
and  realized  how  impossible  it  would  be  to  point  out, 
in  a  paiper  of  reasonable  length,  many  of  the  innu- 
merable and  elusive  days  in  w'hich  paper  profits  might 
disappear,  I  was  not  unmindful  of  the  married  couple 
who  drove  forty  miles  to  the  polls.  Returning  from 
the  election  the  husband  timidly  enquired  for  whom 
the  wife  voted.  "Jones,"  she  said,  "and  whom  did 
you  vote  for?"  "Brown,"  said  he,  "and  I  might  as 
well  have  stayed  at  home." 

In  discussing  this  subject,  I  shall  repeat  some  things 
I  have  already  said  in  the  same  connection,  believing 
that  there  are  certain  fundamental  truths  applying 
to  this  matter  which  are  of  such  vital  concern  to  high- 
way constructors  that  they  cannot  be  stated  too  often. 

In  the  first  place,  and  dismissing  su^h  extraordinary 
considerations  as  war  and  post-war  conditions,  it  is 
safe  to  say  that  more  losses  have  been  encountered  by 
highway  constructors  through  careless  estimating  and 
failure  to  analyze  and  anticipate  in  their  bids  many 
factors  to  be  encountered,  than  from  all  other  causes. 
Lucky  Bidder  Must  Be  "Prom  Missouri" 

If  a  contractor  is  to  be  successful,  he  must  exercise 
in  the  preparation  of  his  bid  the  same  degree  of  dili- 
gence and  intelligence  that  he  is  willing  and  expects 
to  exercise  in  the  prosecution  of  the  work  after  the 
contract  is  awarded  him.  Every  constructor  who 
would  be  a  successful  bidder,  in  the  final  meaning  of 
that  term,  must  be  "from  Missouri."  He  must  ascer- 
tain from  careful  study  just  what  he  is  doing  when  he 
submits  a  bid  and  not  rely  upon  somebody  else 's  judg- 
ment. 

In  times  past,  there  has  often  been  a  tendency  among 
constructors  to  take  engineer's  estimates  on  work  as 
final  criteria  of  the  costs  of  same  and  to  suhmit  bids 
below  those  estimates  with  the  apparent  conviction 
that  the  gentlemen  computing  said  estimates  possessed 
some  occult  powers  of  divination  which  made  it  im- 
possible for  bidders  to  lose  money  so  long  as  their  bids 
remained  within  hailing  distance  of  those  estimates. 
This  will  not  do !  Engineers  have  an  almost  universal 
tendency  to  undere.stimate  costs,  because  they  do  not 
pay  the  bills  for  work  and  it  is  difficult  for  anyone 
who  does  not  to  take  into  account  the  many  theoreti- 
cally hidden  items  of  expense  which,  in  practice,  dis- 
cover themselves  to  the  constructor. 

Estimate  Based  on  Contraxitors'  Bid 
Further  than  this,  the  estimator  of  one  of  the  leading 
state  highway  departments  of  the  country  said  to  me 
some  years  ago,  "In  making  estimates,  I  do  not  at- 
tempt to  figure  what  I  think  the  work  should  really 
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cost,  but  what  I  think  the  contractors  will  bid.  If  I 
turned  in  estimates  to  my  department  based  upon 
my  own  judgment  of  the  costs  involved  the  contract- 
ors would  soon  make  my  figures  look  foolish." 

This  statement  is  pregnant  with  suggestion  as  to 
where  many  pajper  profits  of  constructors  have  disap- 
peared in  the  past.  It  is  believed  that  one  of  the 
greatest  steps  taken  in  recent  years  with  a  view  to 
eliminating  the  irresponsible  constructor  has  been  the 
refusal  of  some  State  highway  departments  to  give 
out  the  engineer's  estimate  in  advance  of  the  letting 
of  work. 

In  addition  to  the  losses  resulting  from  a  too  high 
regard  for  engineers'  estimates,  cases  are  not  wanting 
where  would-be  constructors  have  been  willing  to 
leave  the  preparation  of  their  bids  to  some  material  or 
bonding  man  who  was  instrumental  in  interesting  them 
in  their  efforts  to  secure  a  particular  contract.  None 
of  us  who  have  worked  for  any  considerable  number 
of  years  in  the  highway  industry  have  failed  to  be 
conscious  of  the  annual  crop  of  new  concerns  (with 
more  enthusiasm  than  practical  experience)  who  have 
oftentimes  been  brought  into  the  field  through  the  ef- 
forts of  some  vendor  bent  upon  securing  a  portion  of 
a  client's  business  after  he  secured  an  award. 

Vendors  Back  Inexperienced  Contractors 

In  his  experience  in  the  highway  construction  busi- 
ness the  writer  has,  more  than  once,  seen  a  condition 
of  affairs  existing  where  concerns,  practically  without 
capital,  experience  or  equipment,  were  furnished  not 
only  with  certified  cheeks  but  with  a  complete  set  of 
bidding  figures  as  well  by  some  interested  vendor.  It 
is  almost  superfluous  to  say  that  the  paper  profits  fig- 
ured for  many  constructors  of  this  type  were  not  long 
in  winging  their  flight. 

Much  loss  has  also  been  experienced  due  to  attempts 
of  unqualified  estimators  to  apply  cost  data  gleaned 
from  hand  books  and  trade  literature  upon  the  sub- 
ject. Such  data  is  good  for  bidding  purposes  only 
insofar  as  one  is  qualified  by  study  and  analysis  to 
properly  interpret  and  apply  them  to  new  conditions. 
Unless  one  is  so  qualified,  attempting  to  use  such  data 
is  like  fooling  vnth  the  proverbial  buzz-sa^v.  and  it 
is  not  surprising  that  many  paper  profits  so  arrived 
at  have  promptly  disappeared. 

Cases  are  not  wanting  where  bidders  have  submitted 
prices  merely  made  to  beat  the  previous  low  bidders, 
evidently  and  alone  in  the  child-like  faith  that  the 
previous  low  bidders  could  have  made  no  mistake. 
Bids  have  also  been  submitted  which  were  nothing 
more  than  an  average  of  the  bids  submitted  upon  a 
number  of  other  projects,  all  of  which  might  have  been 
entirely  dissimilar  from  the  projects  for  which  the  av- 
erage was  used.     Such  practices  as  the  last  two  men- 
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tioiuil  aro  only  comparable  to  tryiug  to  raise  oneselJ; 
by  the  boot  straps  aud  tliey  have  met  with  about  the 
sauiv  measure  of  success. 

Hasty  Bids  Court  Losses 

Even  where  eoiistruetors  have  possessed  the  neces- 
sary qualiAcatious  for  careful  analysis  and  estimating 
very  considerable  paper  profits  have  disapfeared 
through  failure  to  give  the  subject  the  time  necessary 
•for  till'  completion  of  a  thoughtful  bid. 

Under  existing  State  highway  laws  nearly  all  speci- 
fications require  the  contractor  to  assume  many  ele- 
ments of  risk  and  uncertainty  which  should  properly 
be  assumed  by  the  States.  So  long  as  this  condition 
of  affairs  exists,  it  is  important  tliat  constructors  cover 
these  elements  in  their  bids  by  a  proper  percentage  of 
probable  occurrence.  Many  paper  profits  have  un- 
doubtedly disappeared  through  failures  to  do  this. 

Add  15  Per  Cent  to  Cover  Risk 

In  a  recent  report  of  the  Specifications  Committee 
of  a  State  Highway  Constructors'  Association,  it  was 
stated  to  be  the  belief  of  said  committee  that,  in  the 
State  whose  specifications  were  under  discussion  by 
them,  at  least  15  per  cent,  of  the  net  estimated  cost  of 
a  project  should  be  added  to  cover  elements  of  risk 
and  uncertainty  included  in  all  contracts.  The  com- 
mittee making  this  report  consisted  of  five  experienced 
highway  constructors,  three  of  whom  were  members 
of  the  American  Society  of  Civil  Engineers,  one  being 
a  director  of  that  Society  and  another  the  ex-chief  en- 
gineer of  a  great  State's  highway  department.  It  will 
therefore  be  seen  that  a  majority  of  this  committee 
had  had  practical  experience  with  the  working  of 
highway  specifications  from  both  sides  of  the  street. 
Their  report  deserves  to  be  received  with  respect  and 
careful  consideration  by  constructors  everywhere  and 
the  verdict  rendered  by  them  in  the  connection  referred 
to,  is  another  sermon  on  where  "heap  much"  paper 
profits  disappear. 

The  constructor  who  is  saddled  with  an  enormous 
plant  investment  on  which  he  has  earned  little  or  no 
depreciation  will  say  that  in  bidding  he  is  faced,  not 
with  the  question  of  what  he  oug'ht  to  do  in  such  mat- 
ters, but  with  what  he  must  do  in  order  to  secure  fur- 
ther work  and  that,  so  long  as  he  is  in  Rome,  he  must 
do  as  the  Romans  do  and  compete  with  other  bidders 
who  do  not  consider  the  above  risks.  This  position 
upon  the  part  of  certain  constructors  reminds  me  of 
Dryden  's  satire  upon  the  writers  of  the  time  of  Charles 

n. 

"Tlie  poets  wlio  must  live  by  Courts  or  starve. 

Were  proud  so  good  a  government  to  serve, 

Polluted  the  stage  for  some  small  snip  of  gain." 

And  seeking  to  serve  their  base  and  selfish  ends, 

Many  hifi^way  constructors  continue  to  "pollute" 

the  best  interests  of  themselves  and  their  competitors 

by  bidding  prices  which  do  not  take  proper  account  of 

the  hardships  so  frequently  resulting  from  the  ele- 


ments of  risk  and  uneortainty  included  in  most  high- 
way contracts.  Highway  departments  and  engineers 
have  long  recognized  this  tendency  and  apparent  help- 
les.sness  upon  the  part  of  constructors  and  some  of  them 
have  not  failed  to  take  advantage  of  it  to  the  limit. 

Costs  and  Good  Work  Direct  Variables 
Like  the  law  of  action  and  reaction,  construction 
costs  and  first  class  work  are  believed,  in  the  final 
analysis,  to  be  direct  variables,  in  most  cases,  and  well 
balanced.  It  is  hard  for  highway  departments  to  get 
something  for  nothing  and  it  will,  doubtless,  generally 
be  found,  where  risky  bids  have  been  accepted,  that 
what  is  gained  in  first  cost  will  ultimately  be  sacrificed 
cither  in  speed  or  quality. 

In  further  relation  to  the  matter  of  risks  included 
in  conracts,  the  average  constructor  will  say  .that  if 
he  undertook  to  add  anything  like  15  per  cent  to  his 
estimated  cost  of  work  to  cover  the  elements  of  risk 
and  uncertainty,  he  would  never  get  a  job.  The  only 
answer  to  this  question  is  that  if  constructors  know- 
ingly assume  risks  without  under-writing  them,  they 
are  not  constructors  at  all  in  the  real  meaning  of  that 
term.  Such  concerns  do  not  deserve  to  be  classed  as 
business  ones  but  simply  as  gamblers  and  economic 
pariahs,  as  menaces  to  themselves,  their  fellow  con- 
tractors and  the  public  as  well.  Any  insurance  com- 
pany Or  other  well  ordered  business  conducting  its 
affairs  upon  such  lines  would  soon  end  in  bankruptcy 
and,  given  enough  time,  any  construction  concern  fol- 
lowing such  practice  will  eventually  come  to  grief.  In 
order  to  be  ultimately  successful,  constructors  must 
conduct  their  estimating  and  operations  upon  well  es- 
tablished business  principles. 

Business  Principles  Must  Be  Adopted 

When  highway  constructors,  as  a  class,  come  to  a 
fuller  realization  of  this  principle,  they  will  find  that 
a  considerable  amount  of  the  paper  profits  which  often 
disappear  due  to  friction  with  'highway  departments, 
prosecution  of  claims,  and  discouragement  in  the  esprit 
de  corps  of  their  organizations  will  be  saved  to  them. 
It  is  also  believed  that  nothing  like  the  elimination  of 
these  elements  of  risk  and  uncertainty  in  specifications 
(or  else  the  proper  covering  of  them  in  bids)  will  go 
so  far  toward  building  up  the  efficient  and  long  lived 
highway  construction  organizations  which  will  be 
found  to  be  such  a  rarity  at  the  present  time  vp'hen 
both  qualifications  referred  to  are  considered. 

When  this  has  been  accomplished,  it  is  also  believed 
that  there  will  be  fewer  abandoned  contracts  and  in- 
solvent constructors,  less  loss,  trouble  and  expense  to 
the  public  in  being  deprived  of  the  use  of  its  highways 
through  delayed  and  unsatisfactory  work,  a  saving  to 
the  taxpayers  in  cheaper  work  resulting  from  the  elim- 
ination of  all  risks  possible  and  more  efficient  construc- 
tion organizations  and  lower  engineering  costs  to  the 
States  through  more  expeditious  execution  of  work. 

It  wi\\  not  be  amiss  to  attempt  to  point  out  herein 
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some  of  the  other  considerations  which  are  believed 
to  be  essential  to  the  general  factors  involved  and  to 
the  preparation  of  conservative  bids  upon  the  major 
items  of  work  found  upon  practically  all  highway  proj- 
ects, failure  to  recognize  any  one  of  which  may  cause 
disappearance  of  paper  profits. 

General  Contract  Factors 

(a)  Failure  to  recognize  the  fact  that,  in  normal 
times,  a  contract  located  close  to  large  centers  of  pop- 
ulation and  production,  cannot  usually  be  prosecuted 
on  as  economical  a  wage  scale  as  one  comparafively 
removed  from  competition  in  this  line. 

(b)  Use,  in  bidding,  of  lowest  quotations  on  aggre- 
gates without  careful  examination  into  the  character, 
suitability  and  possibilities  for  future  rejection  of  the 
same  as  well  as  the  producer's  ability  to  furnish  the 
maximum  amount  of  material  when  and  as  required. 

(c)  Failure  to  play  unloading  and  storage  facilities 
so  as  to  permit  a  producer  of  small  capacity  upon 
whom  one  may  have  to  depend,  to  make  shipments 
evenly  at  all  times,  or  to  enable  stocking  of  material 
to  cover  strikes,  embargoes  and  other  contingencies. 

(d)  Failure  to  study  available  labor  supply  and 
prices  likely  to  prevail  for  same  during  the  life  of  a 
contract. 

(e)  Failure  to  study  availability  of  cars  and  train 
movements  involved  with  material  shipments. 

(f )  Failure  to  consider  whether  one  will  be  able  to 
perform  a  prospective  contract  with  an  old  and  expe- 
rienced organization  or  with  a  new  organization  to  be 
assembled  for  the  work  in  question. 

Working  Season  Must  Be  Considered 

(g)  Failure  to  properly  consider  probable  duration 
of  working  season  and  the  expense  incident  to  carry- 
ing an  organization  through  the  winter,  particularly 
where  this  expense  results  from  inability  to  complete 
project  in  one  season  as  may  be  contemplated  when 
submitting  bid. 

(h)  Failure  to  recognize  the  fact  that  existing  sid- 
ings for  delivery  of  material  may  prove  inadequate  for 
proper  prosecution .  of  work  and  protection  of  prog- 
ress and  to  include  expense  for  construction  of  addi- 
tional sidings  or  extension  of  existing  facilities. 

(i)  Failure  to  consider  suitability  and  volume  of 
water  supply  and  charge  for  additional  equipment 
which  may  be  necessitated  through  failure  at  any  time 
of  an  anticipated  source  of  supply. 

(j)  Failure  to  properly  consider  character  of  roads 
available  for  hauling  and  the  resulting  transportation 
costs  under  all  weather  conditions. 

(k)  Failure  to  investigate  or  consider,  as  far  as  prac- 
ticable, character  of  engineers  and  inspectors  to  be 
dealt  with. 

fl)  Failure  to  charge  off  the  amount  of  plant  depre- 
ciation which  may  be  experienced  from  a  falling  mar- 
ket, unsatisfactory  machinery  purchased,  or  inability 
to  complete  work  in  anticipated  time. 

(m)  Failure  to  properly  analyze  and  consider  soil, 


and  topographic  conditions,  right  of  way  problems,  and 
any  structural  obstacles  along  right  of  way  in  their 
relation  to  wet  weather,  progress,  transportation  and 
resulting  costs. 

Sequence  of  Operations  Important 

(n)  Failure  to  provide  for  proper  and  economical 
sequence  of  operations  and  for  the  most  satisfactory 
and  economical  equipment  for  executing  work  in  hand. 

(o)  Failure  to  charge  on  estimate  for  the  cost  of 
freight  and  handling  on  many  small  items  of  supplies, 
insignificant  in  themselves  individually  but  amounting 
to  a  large  sum  in  the  aggregate. 

(p)  Failure  to  investigate  cost  of  supplies  such  as 
lumber,  coal,  feed,  etc.,  also  leases,  rentals,  freight  on 
plant,  camps,  warehouses,  plant,  traveling  expenses, 
losses  on  transportation  of  labor,  legal  expenses  and 
many  other  items  w*hich  might  be  mentioned  in  their 
relation  to  a  particular  contract. 

As  an  instance  of  what  is  meant  by  the  last-named 
phrase,  it  will  generally  be  found  that  on  contracts 
with  heavy  excavation  and  masonry  quantities  (involv- 
ing use  of  steam  shovels,  additional  mixers,  water 
lines  and  other  accessories)  then  cost  of  items  of  sup- 
plies, repair  parts,  shop  work,  etc.,  will  considerably 
exceed,  both  in  amount  and  in  percentage  of  labor, 
what  would  be  incurred  where  excavation  and  masonry 
quantities  are  light.  Likewise,  the  expense  for  tools 
will  vary  greatly  according  to  the  number  of  outfits 
you  will  be  required  to  use  as  well  as  according  to 
the  personnel  and  efficiency  of  your  organization.  It 
is  not  amiss  to  point  out  here  that  the  expense  for 
repair  parts  and  shop  work  will  increase  considerably 
and  directly  in  proportion  to  the  age  of  your  equip- 
ment. 

Efficiency  of  and  Organization  Important 

(q)  Failure  to  recognize  that  costs  used  in  compiling 
a  bid  may  have  been  achieved  under  the  direction  of 
a  more  competent  superintendent  and  a  more  efficient 
organization  than  you  will  be  able  to  secure  for  the 
prospective  project. 

(r)  Failure  to  properly  consider  the  existing  condi- 
tions and  probable  course  of  the  markets  during  the 
life  of  a  contract.  This  factor  must  always  be  bal- 
anced against  cost  figures  procured  from  a  contract 
already  executed. 

(Cotttinued   in   next   Issue) 


$600,000,000  SPENT  ON  ROADS  IN  1921 

The  Bureau  of  Public  Roads  of  the  United  States  De- 
partment of  Agriculture  estimate  the  total  expenditure 
for  construction  and  maintenance  of  roads  in  the  coun- 
try in  1921  to  be  $600,000,000.  The  sources  of  this 
fund  are  approximately  as  follows :  Motor-vehicle  rev- 
enue, 19  per  cent;  state  road  bonds,  7  per  cent;  local 
road  bonds,  33  per  cent ;  state  taxes  and  appropriations, 
12  per  cent ;  federal  aid,  14  per  cent ;  county,  township 
and  district  taxes  and  assessments,  14  per  cent;  and 
miscellaneous  1  per  cent. 
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RELATIVE  PAVING  AND  GRADING  COSTS  ON  FEDERAL  AID  PROJECTS 

{CompUed  by  U,  S.  Bureau  of  Public  Roads) 
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MEETINGS 

Calendar  of  Coming  Meetings 

Jane  4-6 — American  A^ociation  of  Engineers — An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary,  C.  E. 
Drayer,  63  E.  Adams  St.,  Chicago,  111. 

June  26-Jtily  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineers'  Club  Bldg.,  Phila- 
dephia,  Pa. 


TO  STANDARDIZE  HIGHWAY  BRIDGE  DESIGN 

Greater  standardization  of  practice  in  the  design  and 
construction  of  lughway  bridges  is  urged  by  the  Bu- 
reau of  Public  Koads.  It  is  believed  that  there  is  no 
sound  reason  for  the  amount  of  variation  in  specifica- 
tions that  now  exists  and  that  it  results  in  greater  cost 
of  bridges.  State  officials  take  the  same  view  as  the 
bureau  and  a  committee  composed  of  bridge  engineers 
has  been  aippointed  by  the  American  Association  of 
State  Highway  Officials  to  consider  the  matter.  A 
"Manual  of  Practice"  is  being  prepared,  which  will 
represent  the  best  thought  on  the  subject  and  which 
it  is  believed  will  be  accepted  by  all  the  state  highway 
departments.  Not  only  will  the  adoption  of  such  a 
manual  lead  to  the  building  of  bridges  of  good  design, 
but  it  will  also  make  possible  a  saving  in  money,  at 
bridge  comipanies  will  not  be  called  uiwn  to  meet  so 
muoh  variation  in  design. 


USE  SURPLUS  WAR  CANVAS  IN  ROAD  WORK 

Seven  million  square  yards  of  canvas  duck  received 
by  the  Bureau  of  Public  Roads,  United  States  Depart- 
ment of  Agriculture,  as  surplus  war  material,  is  now 
being  distributed  to  state  highway  departments  for  use 
in  roads  construction.  A  great  quantity  of  the  mate- 
rial will  be  used  to  protect  concrete  roads  from  the  sun 
while  they  are  being  cured  and  to  protect  from  rain 
cement  piled  ready  for  use  on  the  roads.  It  will  also 
be  used  as  tents  for  road  construction  gangs,  roofs 
for  temporary  storage  houses  and  garages,  and  to 
cover  road  machinery  in  bad  weather. 


BIG  BOND  ISSUE  PROPOSED  FOR  KENTUCKY 

The  $50,000,000  state  road  bill  has  been  passed  by 
the  Kentucky  House  by  a  vote  of  63  to  34.  It  now 
goes  to  the  Senate.  The  measure  provides  for  submis- 
sion to  the  voters  at  the  November  election  a  proposi- 
tion to  issue  $50,000,000  worth  of  bands  to  be  used 
within  the  next  five  years  for  building  4,000  miles  of 
state  highway  system.  It  pledges  the  gasoline  tax, 
the  automobile  license  tax  and  the  3-cent  road  tax  to 
pay  the  is»ae  off  in  thirty  years.  A  provision  allow- 
ing a  5-cent  property  tax  is  included,  its  proponents 
say,  to  make  the  bonds  salable. 


NEW  FILMS  SHOW  ROAD  BUILDING 

Close-ups  of  the  activities  of  the  Bureau  of  Public 
Roads  are  contained  in  two  films  recently  released, 
"Building  Bitiuninous  Roads,"  and  "Mixed  Asphalt 
Pavements. ' ' 

"Building  Bituminous  Roads"  deals  directly  with 
tile  surface  treated  and  penetration  macadam  type  of 
bituminous  roads. 

"Mixed  Asphalt  Pavements"  embraces  the  construc- 
tion of  asphaltic  concrete  and  sheet  asphalt  roads,  and 
carries  the  audience  from  the  paving  plant,  where  the 
materials  are  mixed,  to  the  completed  highway,  open 
for  traffic.  Scenes  depicting  the  actual  construction 
of  the  various  types  of  roads  were  made  under  the 
direction  of  skilled  engineers  of  the  Bureau  of  Public 
Roads,  United  States  Department  of  Agriculture,  and 
are  designed  to  instruct  the  layman  as  well  as  the  en- 
gineer in  modern  road-building  practices.  Several 
animated  close-ups  graphically  depict  the  details  of 
construction. 


WILL  STUDY  SKEWED  BRIDGES 

Methods  of  calculating  the  stresses  and  proportion- 
ing the  size  of  skewed  concrete-arch  bridges  which 
have  been  considered  good  practice  in  the  past  may  be 
incorrect  and  result  in  the  collapse  of  the  structure, 
according  to  engineers  of  the  Bureau  of  Public  Roads. 


PERSONAL  MENTION 


Charles  F.  Lang  has  resigned  as  president  of  the 
Lakewood  Engineering  Co.,  Cleveland,  0. 

W.  F.  Cocke  has  resigned  as  assistant  state  highway 
engineer  of  Virginia  to  become  state  highway  engineer 
of  PTiorida. 

W.  F.  Cooper  has  been  appointed  assistant  state  high- 
way engineer  of  Louisiana. 

James  M.  Fourmey  has  been  appointed  state  high- 
way engineer  of  Louisiana. 

Charles  F.  Puff,  Jr.,  has  resigned  as  secretary  of 
the  Pennsylvania  Associated  Highway  Contractors' 
Association. 

John  MacCutcheon  has  been  appointed  superinten- 
dent of  bridges  at  Bridgeiport,  Conn. 

Arthur  St.  Laurent  has  been  appointed  chief  en- 
gineer of  the  Canadian  Department  of  Public  Works. 

Herbert  Talley  has  resigned  as  chief  engineer  of 
the  Hercules  Powder  Co.  and  is  now  associated  with 
the  United  States  Powder  Co. 
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PERFECT  APPLICATION 

HEATER  and  DISTRIBUTOR 

will  heat  and  apply  all  varieties  of  bituminous  products 

now    in    use    for    road    construction    and    maintenance. 

GET   OUR   CATALOG 

KINNEY  MANUFACTURING  CO. 

BOSTON,     MASS. 

New  York  Houston  Chicago  San  Francisco 

Kansas  City  Philadelphia 


Concrete  Roads 
must  be  Reinforced 

It   IS  demonstrated   beyond   doubt   that   to 
make  concrete  roads  proof  against  heavy  motor 
1^      traffic,   weather   and    time    a    fabric   of   steel 
must  be  incorporated  in  the  concrete. 

Several  great  States  have  so  ruled. 

American 
Steel  and  Wire  Company's 

Concrete 
Reinforcement 

Fulfills    Every    Engineering   Requirement 

Send  for  our  book  on  road  building 

CHICAGO  NEW   YORK  CLEVELAND 

PITTSBURGH  DENVER 
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Canadian  County's  first  A-C  20-35.  Mr. 
Qeorge  Hurst — who  christened  the  tractor 
a  "dlrt-raoving  son-of-a-gun" — ^is  on  the 
grader.  Mr.  Roland  Lilly — on  the  tractor 
—says  "the  AlUsJOhatmers  20-35  Is  the 
best   tractor   I   have   ever   seen." 


f^S 


Why  Canadian  County  Bought  Two  More  in  90  Days 

OFIIL'IAIjS  and  road-builders  of  Canadian  County,  Oklahoma,  are  keen  judges  of  tractors.  For 
example,  Mr.  George  Hurst — ^who  operated  the  grader  behind  the  first  Allis-Chalmers  tractor 
purchased  by  this  county — ^has  been  building  roads  for  years  behind  almost  all  makes  of  road-building 
tractors. 

It  was  last  September  that  Canadian  County  put  its  first  Allis-Chalmers  20-35  to  work  in  everything 
from  river-sand  to  sun-baked  gumbo.    So  powerful,  economical  and  trouble-free  was  this  tractor  that 
within  90  days — as  is  shown  by  the  letter 
reproduced    here  —  Canadian    County 
bought  two  more! 

Canadian  County's  experience  is  only 
tj'pical  of  that  of  counties,  contractors 
and  engineers  who  are  turning  to  Allis- 
Chalmers  power.  They  find  the  Allis- 
Chalmers  20-35  Special  Road-Building 
Tractor  best  fitted  for  any  of  the  many 
jobs  of  building  and  maintenance  where 
dependability  and  speed  is  at  a  premium- 

And  there  are  reasons.  For  example,  it 
is  impossible  to  overheat  the  rugged,  pow- 
erful Allis-Chalmers  motor.  Simple,  close- 
coupled  construction  saves  power  for  the 
drive  wheels.  All  working  parts  are  en- 
closed in  dust-proof  housings.  "Frame- 
less"  construction  means  that  nothing 
can  get  out  of  alignment.  Drawbar  swings 
so  implement  being  drawn  can  be  offset 
to  the  desired  degree. 

And  finally,  there  are  more  drop-forged 
and  pressed  steel  parts  in  Allis-Chalmers 
tractors  than  any  others  built. 

Let  as  send  you  our  new  folder, 
"It's  a  Dirt  Moving  Son-of-a^Gun " 

[ALLIS-CHALMERS  MFG.  CO. 

D^:I■T.   K-2,   Mn.WATJKKE,   WIS. 
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Safety  and  Beauty  as  Factors  in  Road  Design 

and  Construction* 


By  A.  B.  HIBSTt 


Those  highway  officials  who  were  concerned  in  the 
design  and  construction  of  highways  prior  to  1900 
were  fortunate  in  that  they  had  to  pay  little  attention 
to  many  factors  which  now  very  materially  complicate 
the  design  of  modern  pavements.  Then  it  was  suffi- 
cient to  grade  well  and  drain  a  highway  and  place 
a  macadam  surface  of  narrow  width,  and  about  the 
only  element  of  risk  was  the  danger  at  unseparated 
railway  crossings.  Traffic  was  light,  both  in  number 
and  in  weight,  and  slow  moving.  At  that  time  a  driv- 
ing horse  going  at  the  rate  of  20  mi.  an  hour  was  a 
meteor,  and  a  heavily  laden  wagon  an  element  of  de- 
struction unsurpassed- 

In  designing  highways  for  present  day  traffic,  the 
engineer  is  confronted  with  a  much  more  intricate 
problem.  Not  only  must  he  design  highways  which 
will  withstand  traffic,  but  he  must  also  design  them  so 
as  to  be  safe,  and  at  the  same  time  he  must  try  to 
meet  modern  ideas  of  the  aesthetic. 

We  are  now  designing  and  building  highways,  many 
of  which  have  a  traffic  of  over  10,000  vehicles  on  cer- 
tain days,  and  many  roads  considered  as  of  minor  im- 
portance are  carrying  traffic  of  four  or  five  hundred 
vehicles  daily.  This  traffic  moves  very  rapidly,  the 
heavy  as  well  as  the  lighter  vehicles. 

The  vehicles  used  are  driven  in  many  cases  by  in- 
experienced persons,  without  proper  poise,  and  some- 
times by  persons  who  are  intoxicated.  Never  before 
in  the  history  of  the  world  were  so  many  instrumental- 
ities of  destruction  turned  loose  in  the  hands  of  per- 
sons so  ill-fitted  to  direct  them.  We  cannot  design, 
construct  or  maintain  highways  upon  the  assumption 
that  all  drivers  are  going  to  use  common  sense. 

Highways  must  be  designed  for  the  reckless,  the 
thoughtless,  and  the  intoxicated.  If  the  consequences 
of  the  acts  of  these  persons  fell  only  upon  themselves, 

•Paper  presented  at  annual  convention  of  the  American 
A880clation    of   State   Highway   Officials. 
tState   Highway   Engineer   of   Wisconsin. 


we  might  disregard  them  as  factors  in  the  situation, 
because  sooner  or  later  they  would  efface  themselves, 
and  a  short  time  more  or  less  would  not  seem  to  be 
material.  But  they  affect  and  concern  the  safety  and 
lives  of  the  much  larger  group  which  is  using  vehicles 
and  highways  with  intelligence,  care  and  judgment. 
These  last  must  be  protected,  as  far  as  possible,  from 
the  much  smaller  class  which  is  a  menace  to  all. 

We  probably  cannot  expect  that  methods  of  driv- 
iig  are  going  to  improve  or  that  we  are  going  to 
reach  within  our  time  a  period  when  driving  is  so 
regulated  and  checked  that  our  highways  are  going  to 
be  used  carefully  and  considerately  by  all.  Rather  do 
I  imagine  that  matters  will  grow  worse  instead  of 
better,  unless  our  liighway  programs  can  proceed  more 
rapidly  than  now  seems  possible.  The  few  improved 
roads  which  we  are  able  to  secure  are  going  to  take 
greater  and  greater  concentrations  of  traffic  as  time 
goes.  on.  It  is  perhaps  possible  that  some  years  from 
now  the  states  may  improve  a  sufficient  number  of 
roads  so  that  many  optional  routes  will  be  available 
and  traffic  thus  be  better  distributed,  but  before  that 
time  comes  we  are  going  to  have  concentrations  of 
traffic  on  certain  routes  which  will  be  appalling  in 
their  magnitude. 

Highways  Must  Be  Safe  As  Well  As  Strong 

For  some  years  yet  the  rate  of  multiplication  of 
motor  vehicles  is  probably  going  to  be  greater  in  per- 
centage than  the  rate  of  multiplication  of  adequate 
higliways.     The  manufacturers  of  trucks  and  automo- 
biles have  by  no  means  reached  the  limit  of  their 
achievements.     We  shall  undoubtedly  see  automobiles 
radically  cheaper,  and  motor  trucks  even  more  mater- 
ially reduced  in  price.     I  am  willing  to  risk  the  pre- 
diction that  15  years  from  now  practically  every  Amer- 
ican state  will  register  double  the  number  of  motor 
vehicles  that  it  registered  in  1921. 

Regardless  of  the  growth  of  motor  vehicle  traffic  in 
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the  future,  the  amount  wliich  we  now  have  is  sufS- 
cient  to  make  the  safe  design,  construction,  and  main- 
tenance of  highways  of  tlie  gravest  importance- 

In  considering  the  design  of  a  modern  highway 
we  should  not  forget  that, — while  naturally,  we  should 
80  design  a  highway  that  the  trafBc  can  be  carried 
by  it, — just  as  important  as  the  mere  carrying  ca- 
pacity of  the  road  and  its  ability  to  resist  destruction 
is  that  it  shall  safely  and  expeditiously  handle  that 
trafSc. 

In  other  words,  the  building  of  a  modern  highway 
L"«  the  building  of  a  transportation  artery  and  in  the 
design  of  it  we  should  fully  consider  all  transportation 
factors  involved.  The  bare  factor  of  getting  traffic 
over  the  road  so"  that  it  does  not  mire  in  the  mud  is 
a  small  part  of  the  whole.  Traffic  should  be  enabled 
to  move  comfortabley,  safely,  and  rapidly  without 
danger  either  to  itself  or  to  other  vehicles  using  the 
same  roadbed. 

We  seldom  stop  to  think  that  there  are  carried  on 
many  of  our  pricipal  highways  more  passengers  and 
more  tonnage  of  freight  per  mile  than  on  many  im- 
portant railroads.  Railroads  are  npt  content  merely 
to  build  tracks  which  will  bear  the  weight  of  their 
trains.  Railroads  are  so  designed  and  constructed 
that  trains  can  move  expeditiously  and  safely,  and 
every  precaution  is  taken  to  prevent  accidents.  If  it 
was  good  public  policy  to  force  the  railroads  to  tre- 
mendous expenditures  for  the  safety  of  railroad  traffic, 
I  can  see  no  reason  why  it  is  not  good  public  policy 
for  the  public  to  protect  its  own  by  building  really 
safe  highways. 

Hazards  Best  Eliminated  When  System  Is  Laid  Out 
The  first  and  best  chance  which  a  state  highway 
department  has  of  eliminating  hazards  in  highway 
travel,  is  in  the  original  layout  of  the  highway  system 
which  it  expects  to  build.  In  laying  out  the  various 
highway  systems  toward  which  we  are  trending — that 
is,  a  Federal  system,  state  systems,  and  county  sys- 
tems, it  is  possible  by  careful  preliminary  work  and 
investigation  in  establishing  the  approximate  future 
course  of  these  highways  to  eliminate  a  considerable 
number  of  the  present  hazards,  without  expending  any- 
thing but  brain  work  in  making  the  eliminations. 

In  many  cases  a  little  investigation  of  parallel  roads 
will  disclose  a  road  potentially  free  from  the  objec- 
tions which  can  be  urged  against  the  old  road;  in 
some  cases  grade  crossings  can  be  eliminated,  or  the 
number  of  right  angle  turns  reduced,  or  better  grades 
or  alignment,  or  both,  can  be  secured  for  the  final 
road.  It  is  my  opinion  that  nothing  can  be  more 
valuable  In  a  territory  in  which  modem  highways  have 
not  yet  been  developed,  than  a  careful  consideration 
of  every  possible  route  with  the  idea  of  eliminating 
hazards  before  the  road  to  be  constructed  is  determined 
npon. 

In  laying  out  the  Wisconsin  state  trunk  highway 
system,  it  was  possible  for  us  to  eliminate  a  large  num- 


ber of  grade  crossings  with  railroads,  heavy  grades, 
right  angle  and  other  dangerous  curves,  and  other 
hazards  without  spending  a  dollar  in  construction  but 
simply  by  selecting  routes  other  than  those  which  had 
been  customarily  followed.  If  we  had  this  work  to 
do  over  again  we  would  be  much  more  radical  in  mak- 
ing new  routings. 

Beauty  Also  a  Factor  to  Consider 
Another  factor  which  should  be  considered  in  the 
layouts  is  that  of  making  accessible  or  visible  any  fea- 
ture of  the  landscape  Or  topography  which  is  extra- 
ordinary, beautiful  or  attractive.  Weight  given  to  the 
selection  of  routes  which  are  attractive,  scenically  or 
artistically,  will  vary  a  great  deal  in  accordance  with 
the  area  traversed  and  the  country  served.  Those  states 
which  are  intending  to  capitalize  and  encourage  tour- 
ist traffic  should  pay  a  very  considerable  amount  of 
attention  to  the  factor  of  having  their  roads  run,  wher- 
ever possible,  where  the  scenery  is  attractive  or  where 
lakes,  rivers,  mountains,  and  forests,  can  be  set  out 
well  and  made  fully  accessible.  In  states  or  parts  of 
states  where  these  features  are  now  present,  there 
should  be  the  strictest  adherence  to  utilitarian  practice 
in  selecting  the  shortest  road  which  will  carry  traffic 
safely  and  cheaply. 

We  have  found,  by  sad  experience,  that  any  effort 
to  serve  two  purposes  with  one  road  or  to  compro- 
mise on  locations  is  a  fatal  mistake.  Serve  those  pur- 
poses which  should  first  be  served  with  the  right  road, 
and  if  there  is  not  enough  mileage  to  go  around,  serve 
the  other  purposes  with  the  right  road  later.  As  well 
try  to  make  a  good  bird  dog  into  a  good  rabbit  dog 
as  to  try  to  combine  routes  in  an  effort  to  serve  two 
or  more  divergent  lines  of  traffic,  to  the  lasting  econ- 
omic disadvantage  of  all  traffic  in  the  vicinity. 

Some  Fundamentals  of  Design  for  Safety 

It  is  in  the  design  of  highway  structures  that  the 
greatest  advancement  can  be  made  towards  securing 
both  safety  and  beauty.  Up  to  the  present  the  prin- 
cipal idea  of  American  highway  engineers  has  been 
to  build  a  structure  which  would  stand  up  under  traffic. 
Not  only  has  very  little  attention  been  paid  to  the 
artistic,  but  in  many  cases  very  little  attention  has 
been  paid  to  safety.  Practice  along  safety  lines  is, 
however,  making  rapid  advances  as  traffic  becomes 
heavier  and  faster. 

A  great  many  accidents  take  place  at  curves,  both 
vertical  and  horizontal,  and  it  is  at  these  critical  points 
that  the  greatest  advance  in  the  art  of  highway  design 
can  be  made.  It  has  recently  been  stated  that  more 
accidents  occur  on  straight  highways  than  on  curving 
and  presumably  dangerous  highways.  I  doubt  if  this 
in  true.  If  so,  it  is  undoubtedly  due  to  one  or  both 
of  two  causes  (a)  too  narrow  surfacing;  (b)  the 
presence  of  more  traffic  on  the  straightaway  stretches 
than  on  the  sections  with  excessive  curvature. 

I  doubt  not  that  in  practically  every  case  if  the 
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exact  number  of  vehicles  and  accidents  were  known, 
the  road  with  the  most  sharp  curves  would  show  the 
most  accidents  per  mile  of  traffic.  A  comparison  of 
accidents  without  a  comparison  of  traffic  is  worthless. 

Vertical  curves  are  almost  as  dangerous  as  horizontal 
curves,  especially  if  the  surfaces  are  narrow  and  the 
drivers  do  not  keep  to  the  right  side  of  the  road  on 
approaching  the  crown  of  hills.  Vertical  curves  should 
have  a  radius  of  at  least  1,000  feet.  With  this  radiu,s 
an  approaching  vehicle  can  be  seen  200  feet  ahead, 
and  there  is  comparative  safety  if  there  is  moderate- 
ly careful  driving. 

No  horizontal  curves  of  less  than  300  ft.  radius 
should  be  planned  unless  the  circumstances  are  very 
exceptional  on  high  speed  main  lines  of  travel,  and 
on  roads  which  carry  the  highest  character  of  traffic 
almost  any  expenditure  is  justified  in  order  to  secure 
sucli  curves  or  even  easier  ones.  A  curve  of  300-ft. 
radius  in  cut  gives  vision  only  200  ft.  ahead  and  this 
is  little  enough  when  it  is  considered  that  two  cars 
going  30  mi.  an  hour  will  meet  in  2  sec.  after  seeing 
each  other. 

Super-Elevation  and  Widening  Necessary 

Curves  should,  di  course,  be  super-elevated  and 
widened.  This  practice  is  now  general  in  the  several 
states,  and  while  in  most  cases  it  has  not  proceeded 
far  enough,  more  radical  super-elevtaions  are  being 
used  each  year.  It  is  our  opinion  that  on  curves  less 
than  300  ft.  in  radius,  super-elevations  up  to  1  in.  to 
the  foot  are  desirable.  All  curves  of  less  than  1,000- 
ft.  radius  should  be  widened,  the  widening  being  great- 
er as  the  radius  of  the  curve  becomes  smaller.  If 
radii  as  small  as  300  ft.  are  used,  the  widening  should 
be  to  at  least  24  ft.  on  a  two-way  road. 

Where  it  is  impossible  to  get  curves  with  a  radius 
of  300  ft.  or  more,  if  such  a  case  exists,  care  should 
be  taken  to  secure  at  least  200  ft.  of  vision  ahead.  Too 
many  engineers  are  placing  their  curves  so  as  to  re- 
strict the  vision,  when  it  is  possible  by  throwing  the 
ends  of  the  tangents  away  from  the  bank  to  put  in 
the  same  curve  and  still  get  vision  past  the  bank. 
Cutting  down  banks  to  the  line  of  vision  is  being 
practiced  to  some  extent,  but  unless  good  maintenance 
is  secured  this  is  not  proving  as  satisfactory  as  was 
expected. 

Dead  ends  come  under  the  same  classification  as 
curves.  Dead  ends  are  corners  where  the  course  of 
the  main  highway  is  not  continued  by  an  inferior 
highway,  while  the  main  highway  makes  a  sharp  turn. 
Treatment  at  such  places  should  be  just  as  radical  as 
at  curves,  and  added  protection  should  be  given  by 
erecting  white  boarding  across  the  dead  end  so  that 
the  driver  is  notified  that  the  highway  turns  sharply. 
On  such  boards  an  arrow  indicating  the  direction  of 
the  turn  is  helpful. 

We  wish  to  emphasize  that  the  points  of  danger  on 
our  highways  occur  at  curves,  and  on  high  speed,  main 
lines  of  traffic  too  much  money  cannot  be  spent  in 


securing  good  vision  by  building  curves  of  easy  radius. 
The  fact  that  in  every  case  an  earlier  curve  shortens 
the  center  lines  distance  and  thus  reduces  the  amount 
of  paving  required,  always  helps  to  offset  the  addition- 
al cost  of  securing  right  of  way  for  such  curves. 

Insufficient  Width  Also  a  Source  of  Danger 

After*  curves,  the  factor  which  probably  produces 
the  greatest  number  of  accidents  is  narrow  surfacing. 
It  is  our  opinion  that  no  permanent  roadway  should 
be  built  of  a  width  less  than  18  ft.  on  any  main  line 
of  travel,  and  that  20  ft.  is  a  much  better  and  safer 
width.  We  do  not  believe  in  building  over  20  ft.  wide 
unless  a  road  for  four  lines  of  traffic  is  desired,  in 
which  case  36  ft.  should  be  the  minimum  and  40  ft. 
would  be  much  better. 

It  is  the  writer's  opinion  that  pavements  on  high 
speed  roads  should  be  some  multiple  of  10  ft.  wide, 
providing  a  lane  10  ft.  wide  for  each  line  of  traffic. 
Suoh  widths  as  14,  15,  16,  24  and  32  ft.,  and  any  other 
widths  which  do  not  provide  a  clear  width  of  at  least 
9  ft.  for  each  line  of  veliicles  sought  to  be  accommo- 
dated, are  bastard  widths  and  should  never  be  used. 
Large  amounts  have  been  wasted,  or  partially  wasted, 
in  building  pavements  of  such  widths.  If  the  traffic 
does  not  justify  at  least  18  ft.,  a  9  or  10-ft.  road 
should  be  built  so  that  no  one  will  be  deceived  into 
believing  that  there  is  a  double  track  road  when  none, 
in  fact,  exists.  Such  roads  can  be  made  double  track 
roads  later  when  funds  become  available.  As  stated 
in  a  previous  paper,  we  believe  also  that  wide  pave- 
ments make  for  easier  and  cheaper  maintenance,  in 
that  they  keep  the  traffic  off  the  edges  of  the  pave- 
ment (which  are  always  danger  points),  make  for 
easier  shoulder  maintenance,  and  also  provide  for  a 
moderate  distribution  of  traffic. 

Bridges  and  culverts  should  be  built  of  adequate 
widths  between  endwalls.  The  distance  between  end- 
walls  should  at  least  equal  to  the  width  of  the  top  of 
the  fills  when  new.  We  suggest  that  on  main  lines  of 
travel  not  less  than  26  ft.  should  be  used  as  the  dis- 
tance between  endwalls  or  parapets  of  bridges  and 
culverts,  and  if  the  grades  are  wider,  greater  distances 
should  be  provided. 

In  the  design  of  bridges  and  culverts,  especially  in 
the  endwalls  and  railings,  there  are  great  opportun- 
ities for  the  beautification  of  highways.  Artistic  pan- 
eling or  spindles  add  very  materially  to  the  appear- 
ance of  concrete  structures  without  adding  greatly  to 
their  cost.  We  also  find  tjhat  our  people  are  willing 
to  pay  for  the  artistic  once  they  have  a  sufficient  num- 
ber of  samples  of  Artistic  bridges  from  which  to  judge 
the  effects  of  good  proportions  and  good  design. 

There  is  room  for  more  artistic  development  in  the 
construction  of  guard  fences.  Nothing,  probably,  adds 
more  to  the  appearance  of  a  highway  than  well  con- 
structed guard  fence,  well  aligned  and  painted  white 
as  it  should  be.  It  is  the  concensus  of  opinion  of  our 
engineers  that  we,  in  common  with  most  states,  have 
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been  using  more  guard  fence  than  was  necessary  and 
that  part  of  the  money  spent  could  well  be  saved  and, 
if  necessary,  used  in  widening  the  fills.  The  use  of 
paint  or  whitewash  on  stones  to  define  the  edge  of 
fills,  where  the  curvature  or  height  of  fill  does  not 
necessarily  make  the  place  dangerous,  is  recommended 
as  both  cheap  and  effective.  There  is  so  littje  horse- 
drawn  trafiSc  now  that  the  old  purpose  of  guard  fence, 
to  keep  horses  from  jumping  off  the  edges  of  fills  when 
frightened  by  automobiles,  is  almost  done  away  with. 

Preserve  the  Trees 

Every  tree  which  adds  any  beauty  to  the  landscape 
should  be  saved,  if  possible,  and  where  there  are 
groups  of  trees  offering  effective  relief  it  is  worth 
while  to  make  changes  in  the  center  line  to  save  these 
trees,  even  if  additional  right  of  way  has  to  be  secured 
on  the  other  side.  A  good  tree  takes  many  years  to 
grow  and  can  be  cut  down  in  a  few  minutes.  Most 
of  us  have  been  wasteful  in  our  destruction  of  good 
trees  and  have  not  made  the  exceptions  which  should 
have  been  made  in  saving  trees  or  groups  of  trees  of 
distinctive  character  and  merit. 

Within  the  limits  of  slopes,  brush  and  shrubbery, 
as  well  as  all  other  vegetation,  have  to  go.  In  many 
cases,  however,  the  clearing  and  grubbing  limits  are 
defined  as  wider  than  the  slope  limits,  and  thousands 
of  acres  of  effective  shrubbery  and  flowers  have  been 
destroyed  which  could  just  as  well  have  been  saved. 
The  clearing  and  grubbing  limits  should  follow  the 
slope  line  except  in  the  northern  states,  where  snow 
drifting  can  be  expected.  In  such  cases  low-growing 
brush  cannot  be  encouraged  because  it  promotes  snow 
drifting  unless  the  line  of  brush  is  well  back  from  the 
edge  of  cuts. 

Incident  to  this  point,  we  probably  have  not  paid 
enough  attention  to  buying  additional  right  of  way 
where  snow  drifts  occur  and  planting  shrubbery  far 
enough  back  in  the  fields  so  that  the  snow  will  not  be 
thrown  into  the  road  cuts.  It  is  our  opinion  that 
this  is  the  most  effective  method  of  keeping  the  roads 
open  and  should  be  used  more  generally.  The  debate 
between  shrubbery  and  snow  fences  as  means  of  lo- 
cating snow  drifts,  is  probably  close,  but  we  shall 
not  enter  into  it  here. 

"We  have  heard  a  good  deal  about  tree  planting 
along  highways.  We  are  entirely  sympathetic  with  it 
if  it  is  carried  out  and  followed  out  by  an  organiza- 
tion which  has  some  permanency,  but  the  spasmodic 
trumpet  blowing  attempts  to  plant  a  few  ineffective 
saplings  on  certain  days  and  then  think  about  them 
no  more,  have  rather  discouraged  most  of  us  who  real- 
ly believe  in  tree  planting  where  the  surounding  cir- 
eamgtances  permit.  There  have  so  far  been  more 
"ntitg"  bearing  trees  to  plant  than  planted  trees  bear- 
ing nuts. 

A  good  deal  of  this  work  has  been  done  without 
forethought  and  judgment.  If  anything  really  effec- 
tive is  to  be  done  it  is  the  writer's  opinion  that  it  must 


be  done  by  the  state  highway  departments  in  coopera- 
tion with  the  state  forestry  departments,  and  not  only 
just  the  trees  stuck  into  the  ground  but  they  must  be 
carefully  attended  until  they  become  old  enough  to 
take  care  of  themselves.  We  will  undoubtedly  see 
advances  in  this  direction  within  the  next  few  years. 
With  good  care  and  judgment  exercised  in  the  selec- 
tion and  planting  of  trees  of  suitable  character  there 
is  nothing  objectionable  about  planting  trees  along 
highways,  and  much  to  be  said  in  favor  of  it.  Even 
if  in  some  oases  a  bonus  has  to  be  paid  to  abutting 
farmers  on  account  of  losses  due  to  shading,  it  is  well 
worth  while  from  the  public  standpoint,  and  we  be- 
lieve it  is  possible  to  secure  such  relinquishment  from 
abutting  fanners  where  tree  planting  is  advisable  at 
a  very  reasonable  cost,  considering  the  artistic  effects 
and  real  benefits  to  be  secured.  Even  in  well  timbered 
states  there  are  sections  where  a  little  green  on  the 
landscape  and  a  little  shade  is  very  welcome,  indeed. 
The  general  remarks  as  to  trees  apply  also  to  shrub- 
bery. Planted  with  discretion  shrubbery  of  the  right 
kind  of  flowers  certainly  add  very  much  to  the  gen- 
eral roadside  appearance,  and  are  worth  money  if 
the  beautiful  is  ever  worth  money.  All  of  these  mat- 
ters, however,  will  have  to  be  developed  slowly,  be- 
cause a  very  small  fraction  of  our  people  are  vnlling 
to  spend  any  considerable  amount  of  money  in  high- 
way adornment.  The  highways  are  too  badly  needed, 
in  the  opinion  of  most  people,  to  permit  the  spending 
of  large  funds  in  beautifying  them.  A  good  many 
feel  that  they  cannot  admire  landscapes  and  artistic 
effects  so  long  as  the  roads  are  impassable,  and  prefer 
to  spend  money  in  building  the  roads  first  and  devel- 
op the  beautiful  later. 

.This  objection  can  not  be  urged  against  saving  what 
is  already  there,  and  much  of  this  can  be  saved,  not 
only  without  additional  cost,  but  actually  at  less  cost 
because  of  the  lower  expenditure  for  clearing  and 
grubbing.  We  should  not,  however,  allow  beauty  to 
interfere  with  safety.  It  is  small  solace  to  the  in- 
jured or  to  the  families  of  persons  killed  that  accidents 
occur  in  and  are  due  to  beautiful  surroundings.  The 
smell  of  roses  or  honeysuckle  is  small  solace  in  case 
of  real  disaster. 

Eliminate  Grade  Crossing's 
After  curves  and  narrow  surfacing  comes  the  next 
most  prevalent  cause  of  highway  accidents — the  rail- 
way grade  crossings.  The  only  safe  grade  crossing 
is  one  which  has  been  eliminated.  Many  accidents 
testify  that  all  forms  of  so-called  crossing  protection 
fall  down,  even  flagmen  and  gates.  In  planning  new 
main  highways  every  possible  effort  shoidd  be  made 
to  secure  the  elimination  of  all  grade  crossings.  Much 
can  be  done  usually  in  relocating  the  highways  so  as 
to  avoid  crossing  the  railways  at  all.  Where  two 
crossings  with  the  same  railway  line  lie  within  five 
miles  of  each  other,  it  will  usually  be  cheaper  to 
buy  a  new  right  of  way  on  one  side  of  the  track  and 
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grade  and  drain  it  than  to  separate  the  two  crossings. 
If,  however,  there  is  something  which  must  be  met  on 
the  opposite  side  of  the  track,  such  as  a  village  or  city 
which  it  is  necessary  to  accommodate,  this  course  may 
not  be  feasible,  although  quite  usually  between  the 
two  crossings  some  point  can  be  found  where  a  separa- 
tion can  be  made  accommodating  traffic  to  and  from 
the  city  or  village  in  question,  while  the  main  line  of 
traffic  is  left  free. 

Each  case  must  be  decided  upon  its  merits  but  both 
underground  and  overgradie  crossings  have  disad- 
vantages in  alignment,  and  the  best  solution  in  four 
cases  out  of  five,  where  the  crossings  are  not  too  far 
apart,  is  to  relocate  along  the  side  of  the  track.  Where 
a  highway  must  cross  a  railway  an  overhead  is  usual- 
ly superior  to  an  undergrade  crossing  for  several  rea- 
sons, and  is  usually  less  expensive. 

Up  to  recent  years  about  two  out  of  three  grade 
separations  built  by  the  railroads  have,  in  reality, 
been  more  dangerous  to  highway  traffic  than  the  grade 
crossings  they  replaced,  because  the  railroads  paid  no 
attention  to  the  matter  of  highway  alignment  and  in 
almost  every  case  used  crossings  perpendicular  to 
their  tracks  with  two  sharp  and  sometimes  blind  ap- 
proach curves.  Such  crossings  are  seldom,  if  ever, 
satisfactory  where  the  highway  is  in  general  parallel- 
ing the  railroad  as  many  main  highways  naturally  do, 
and  when  skew  crossings  have  to  be  built  the  decision 
almost  inevitably  falls  upon  relocating  the  highway. 

Highway  intersections,  especially  intersections  of 
roads  built  for  high  speed  are  another  source  of  grave 
danger.  All  intersections  should  be  well  signed  on 
both  highways  and  in  addition  good  Y's  should  be 
put  in  in  each  direction,  because  such  Y's  serve  to 
increase  the  vision  for  the  traffic  which  crosses  per- 
pendicularly, and  the  traffic  which  makes  the  turn 
fits  into  line  much  better  if  its  course  is  changed  as 
it  comes  into  its  new  line  of  travel. 

At  many  crosings  of  two  supremely  important  high- 
Avays  it  is  undoubtedly  going  to  be  necessary  to  sepa- 
rate the  grades  just  as  railroads  have  found  it  neces- 
sary to  separate  their  important  crossings.  This  may 
sound  extreme,  but  where  such  eases  exit  on  really  im- 
portant line  of  traffic,  there  can  be  no  doubt  that  the 
separation  of  the  two  roadways  is  not  only  desirable 
but  an  economic  necessity. 

Safety  Measures  Used  During  Ccnistruction 

Although  the  safety  and  the  beauty  of  the  highway 
depend  principally  upon  the  design,  there  are  many 
accidents  which  are  caused  by  failure  to  take  proper 
precautions  during  construction.  If  a  road  is  to  be 
kept  open  to  travel  during  construction,  the  safety 
and  convenience  of  the  traveling  public  should  be  the 
paramount  consideration  rather  than  a  matter  to  be 
almost  totally  disregarded  as  is  the  case  in  too  many 
instances  at  the  present  time. 

Roads  under  construction  should  either  be  wholly 
closed  to  general  traffic,  or  kept  open  under  conditions 


wliich  guarantee  safe  and  easy  passage.  If  kept  open, 
g)-ading  should  be  kept  closely  in  hand.  On  ordinary 
road  work  there  is  no  great  reason  why  there  should 
be  more  than  one  mile  between  the  completed  grading 
and  the  first  plowing  ahead.  Contractors  would,  in 
most  cases,  be  much  ahead  if  instead  of  spreading  their 
work  over  the  whole  length  of  the  contract  and  finish- 
ibhing  nothing  until  the  last  operation,  they  would  keep 
the  grading  operation  well  in  hand  and  finish  as  they 
go,  starting  a  slope  trimming  and  finishing  crew  as 
soon  as  the  roughing  out  has  proceeded  not  over  a 
mile. 

On  many  highway  jobs  the  grade  lifts  are  too  heavy. 
Drops  of  3  or  4  ft.  at  the  end  of  a  fill  are  not  uncom- 
mon. This  is  contrary  to  most  specifications,  makes  a 
poor  road,  poorly  compacted,  and  besides  gravely  in- 
conveniences the  travel  both  in  going  up  and  down 
the  breast.  Even  where  the  cut  is  not  completed  or 
where  the  fill  is  not  completed,  it  can  be  kept  reason- 
ably smooth  by  operating  a  grader  constantly  over  it 
as  the  material  is  being  cut  and  filled. 

The  most  striking  difficulties  encountered  in  keep- 
ing roads  open  during  construction  are  the  short  de- 
tours around  culverts  and  bridges.  In  the  case  of 
bridges,  wherever  the  alignment  permits,  it  is  much 
better  to  build  the  bridge  on  a  new  site  even  at  the 
cost  of  a  few  hundred  dollars  additional,  and  permit 
the  traffic  to  use  the  old  bridge  rather  than  a  tem- 
porary structure.  In  quite  a  number  of  cases  curves 
occur  near  bridges,  and  it  is  possible  by  a  new  align- 
ment at  the  point  to  build  a  new  bridge  and  maintain 
the  old  one  during  construction. 

In  the  case  of  culverts,  instead  of  detouring  the 
traffic  across  the  ditches  and  through  fields,  which 
usually  are  impassable  after  each  rain,  we  should  build 
the  culverts  in  two  sections.  While  it  is  slightly  more 
costly  to  do  this,  the  additional  cost  is  made  up  many 
times  in  savings  to  the  traffic.  We  have  experimented 
with  this  method  during  the  last  season  and  our  plans 
and  specifications  for  next  year  will  call  for  the  con- 
struction of  culverts  in  two  sections  wherever  we  ex- 
pect to  keep  the  road  open  for  traffic. 

In  some  of  the  eastern  states  roads  have  been  built 
in  halves  and  the  traffic  dispatched  in  a  single  direction 
by  a  system  of  telephoning.  We  traveled  over  sec- 
tions of  highway  so  handled  this  year,  and  it  was  our 
impression  that  for  a  main  line  of  traffic  this  method 
was  unsatisfactory  and  that  if  the  money  expended 
in  dispatching  and  in  additional  cost  of  .construction 
under  such  conditions  had  been  spent  in  temporarily 
fitting  a  detour  or  detours  for  traffic,  the  result  could 
not  but  be  more  satisfactory,  unless  there  were  posi- 
tively no  detour  available.  Conditions  under  traffic  so 
carried  on  Sundays  and  legal  holidays  must,  indeed, 
have  been  serious. 

Detours  Should  Receive  Careful  Attention 

Where  highways  under  construction  are  to  be  abso- 
lutely closed  careful  attention  should  be  given  to  the 
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ditour.  If  possible,  tlie  road  over  which  the  detour 
is  to  be  carried  should  be  given  the  proper  amount  of 
attention  the  preceding  year.  Nothing  is  more  exas- 
perating to  the  motorist  than  to  be  detoured  along  a 
certain  highway  and  to  find  it  has  been  recently 
graded  to  be  ready  for  the  detour  and  is,  itself,  as 
impassable  as  the  highway  from  wliieh  the  traffic  has 
been  diverted.  A  little  more  care  and  attention  given 
in  advance  to  detours  will  pay  heavy  dividends  in 
satisfaction  to  the  traveling  public. 

Where  opportunity  exists  it  is  much  better  to  pro- 
vide a  detour  for  one  line  of  traffic,  and  to  use  another 
highway  for  traffic  going  in  the  opposite  direction.  If 
tlie  roads  selected  for  the  detours  are  narrow,  this 
avoids  many  complications  in  meeting  and  many  acci- 
dents, and  facilitates  the  passage  of  both  lines  ot 
tiaffie.  Furthermore,  the  detour  roads  are  not  quite 
so  tiioroughly  damaged  if  the  traffic  is  halved.  We 
feel  that  where  there  is  any  question  of  reasonable 
doubt  the  double  detour  should  be  used. 

Needless,  to  say,  detours  should  be  signed  and 
maintained.  Signing  detours  does  not  mean  just  point- 
ing an  arrow  at  the  first  turn  away  from  the  road 
under  improvement.  It  means  a  consistent  series  of 
signs,  directing  traffic  adequately  from  beginning  to 
end  of  the  detour.  There  is  no  more  helpless  feeling 
than  that  which  comes  to  one  lost  on  a  supposed  de- 
tour at  midnight,  possibly  with  the  rain  descending, 
and  all  the  farmers  in  the  neighborhood  gone  to  bed. 
if  all  of  our  engineers  and  contractors  had  been  caught 
in  such  a  prcc^icament  (as  I  have  been)  there  would 
be  much  greater  care  used  in  the  selection,  mainten- 
ance, and  signing  of  detours  than  is  now  generally 
exercised. 

A  good  many  present-day  highways  must  be  de- 
toured  when  constructed.  It  is  practically  impossible 
to  construct  a  concrete  road  without  detours.  The 
name  is  true  of  almost  every  road  except  graveling 
and  grading  jobs.  But  the  cost  of  dctouring  i.s  a 
verj'  heavy  charge  upon  the  traveling  public.  Almost 
invariably  the  detours  are  longer  than  the  road  under 
construction,  and  if  the  road  under  construction  is 
a  heavily  traveled  one,  the  cost  to  the  traffic  of  making 
a  detour,  even  one  mile  longer  than  the  straight  road, 
is  very  heavy-  For  instance,  a  detour  3  mi.  longer 
than  the  main  road,  carrying  a  traffic  of  800  vehicles 
a  day.  means  a  daily  total  of  extra  travel  of  2,490  mi., 
which  even  at  10  ct.  a  mile  is  $240  per  day.  It  the 
road  under,  construction  is  kept  closed  for  4  months, 
the  cost  of  detouring  will  be  $28,800,  and  unless  the 
stmctare  is  of  such  a  character  as  absolutely  to  pre- 
clude taking  traffic  through,  any  reasonable  expendi- 
ture in  ke^epitig  it  open  for  traffic  can  be  seen  to  be 
folly  justified. 

Whether  to  detour  or  not  is  a  matter  of  especial  con- 
sideration for  each  particular  set  of  circumstances. 
Detours  should  certainly  be  kept  to  the  minimum  both 
in  Dumber  and  in  lenght,  and  where  necessarily  used 


should  be  made  as  safe  as  possible  and  as  unmistakable 
as  foresight  can  make  them. 

Danger  Signs  Should  Be  Used  Only  for  Actual  Danger 
Aluch  can  be  done  to  promote  safety  in  highway  use 
by  the  erection  of  proper  signs  at  places  which  are 
really  dangerous.  All  railroad  grade  crossings  should, 
of  course,  be  posted.  Many  states  liave  uniform  signs 
and  uniform  posting  laws.  The  white  circular  disc 
with  two  black  division  lines  and  the  letters  "R.  R-" 
is  now  practically  standard,  and  inasmuch  as  its  use 
is  so  general  it  should  be  made  universal.  All  sharp 
turns  should  be  signed;  also  school-houses,  approaches 
to  principal  highway  crossings,  and  all  other  places 
v/here  the  operator  of  a  car  should  have  it  under  full 
control. 

The  flashing  signals  on  the  market  are  good  but 
so  expensive  as  to  practically  prohibit  their  use,  be- 
cause when  such  signals  are  used  they  should  be  used 
universally  or  else  they  add  to  the  danger  rather  than 
lessen  it.  When  considered  from  a  statewide  stand- 
point the  millions  of  dollars  involved,  put  them  out  of 
the  question  for  the  average  state. 

Dead  ends  and  very  sharp  turns  whicli  are  unavoid- 
ably present  should  be  boarded  across  the  end  with 
a  white  sign  board,  with  an  arrow  indicating  the  di- 
rection of  the  turn- 

During  construction  green  flags  should  be  used  by 
day  and  green  light  by  night  to  give  advance  warning 
of  danger  ahead.  The  actual  point  of  danger  should 
be  red-flagged  and  red-lighted  at  the  point  of  repair 
or  replacement.  A  single  red  light  at  the  structure 
or  place  of  repair  is  not  sufficient  on  high  speed  roads, 
because  often  these  are  mistaken  for  the  rear  lights 
of  other  motor  vehicles,  and  even  when  not  so  mis- 
taken the  driver  sometimes  cannot  stop  before  striking 
the  obstruction.  Tliere  has  been  too  little  use  of  cau- 
tion signs  well  in  advance  of  danger,  and  practice 
in  this  respect  should  be  improved. 

Care  sliould  be  exercised  in  erecting  signs  indicat- 
ing danger  tliat  they  are  not  ejected  where,  in  fact, 
no  danger  exists,  because  the  constant  passing  of  dang- 
er signs  when  no  danger  is  later  apparent  makes 
drivers  careless  and  has  the  effect  of  the  cry  Wolf! 
AVolf ;  and  finally  when  actual  danger  is  encountered 
disaster  ensues. 

Incident  to  the  use  of  proper  guiding  and  warning 
signs  is  the  very  advisable  removal  of  all  advertising 
signs  along  highways,  especially  those  which  interfere 
with  vision-  We  are  of  those  who  believe  that  our 
highways  are  no  place  for  advertising.  Heaven  knows 
there  are  enough  avenues  of  publicity  open  to  those 
who  wish  to  sell  their  goods  without  making  our  rural 
landscapes  a  futuristic  nightmare.  The  total  elimin- 
tion  of  such  signs  is  coming  very  fast  and  this  reform 
will  probably  do  more  to  add  beauty  to  our  highways 
than  any  other  single  thing.  If  manufacturers  under- 
stood that  instead  of  adding  to  their  trade,  these  signs 
(ContInu«d    on   Page    144) 
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SAFETY  AND  BEAUTY  IN  ROAD  DESIGN 

Highway  engineers  are  no  longer  content  with  de- 
voting all  their  attention  on  the  making  of  the  most 
durable  structure  possible.  Indeed,  they  are  at  the 
present  time  giving  particular  attention  to  matters  out- 
side the  mechanics  of  road  construction.  In  another 
part  of  this  issue  appears  an  article  by  A.  R.  Hirst, 
State  Highway  Engineer  of  Wisconsin,  under  the  cap- 
tion, "Safety  and  Beauty  as  Factors  in  Road  Design 
and  Construction."  In  this  article  Mr-  Hirst  says 
that  "those  highway  officials  who  were  concerned  in 
the  design  and  construction  of  highways  prior  to  1900 
were  fortunate  in  that  they  had  to  pay  little  attention 
to  many  factors  which  now  materially  complicate  the 
design  of  modern  pavements.  Then  it  was  sufficient 
to  grade  well  and  drain  a  highway  and  place  a  ma- 
cadam surface  of  narrow  width,  and  about  the  only 
element  of  risk  was  the  danger  at  unseparated  railway 
crossings.  In  designing  higliways  for  present  day 
t'*affic,  the  engineer  is  confronted  with  a  much  more 
intricate  problem.  Not  only  must  he  design  highways 
which  will  withstand  traffic,  but  he  must  design  them 
to  be  safe,  and  at  the  same  time  he  must  try  to  meet 
modern  ideas  of  the  esthetic." 


ROAD  WORK  IN  MARICOPA  COUNTY,  ARIZONA 

To  the  minds  of  many  people  Arizona  is  the  land  of 
cowboys  and  cactus — the  setting  for  many  of  our  mod- 
em novels.  Yet  one  of  the  counties  of  Arizona,  Mari- 
copa County,  has  a  highway  program  which  surpasses 


the  highway  programs  of  many  states.  From  Nov-  1, 
1920  to  Jan.  15,  1922,  a  period  a  little  greater  than  one 
year,  this  county  constructed  124.4  mi.  of  concrete 
highways  at  a  total  cost  of  four  million  dollars.  This 
is  a  record  of  which  many  states  could  be  proud. 

Last  month  bids  were  received  by  Maricopa  County 
for  the  construction  of  168  mi.  of  additional  highways, 
to  be  constructed  at  a  cost  of  fouit  and  one-half 
million  dollars-  When  this  additional  mileage  is  com- 
pleted Maricopa  County  \^all  have  without  question 
the  finest  system  of  county  highways  in  the  country. 


ROAD  WORK  IN  1921 


During  the  past  year  a  total  of  $600,000,000  was 
expended  for  the  construction  and  maintenance  of 
roads  in  the  United  States,  according  to  estimates  of 
the  U.  S.  Bureau  of  Public  Roads.  Of  this  amount 
only  14  per  cent  was  federal  aid  money.  It  is  very 
often  the  impression,  even  among  highway  engineers, 
that  federal  aid  funds  constituted  a  large  proportion 
of  the  funds  used  in  road  work  in  this  country,  where- 
as such  is  not  actually  the  ease-  Revenue  from  motor 
vehicles  constituted  19  per  cent  of  the  funds  used  in 
road  work  last  year.  Motor  vehicle  interests  are  fond 
of  pointing  out  tliat  automobiles  bear  the  greatest  bur- 
den of  ro'ad  construction  and  maintenance.  These 
figures  of  the  Bureau  of  Public  Roads  show  tliat  such 
is  not  the  case  and  that  motor  vehicle  fees  comprise 
only  one-fifth  of  the  total  funds  used  in  road  work  in 
this  country. 

Other  sources  of  road  funds  during  the  past  year 
were  as  follows :  local  road  bonds,  33  per  cent ;  county 
and  district  assessments,  14  per  cent ;  state  taxes,  12 
per  cent,  and  state  bonds,  7  per  cent. 


LOW  COST  ROAD  SURFACES 

The  use  of  local  materials  whenever  p,>ssible  is  being 
advocated  by  higlnvay  engineers  in  all  parts  of  tnw 
country.  "In  selecting  the  surfacing  material,  the 
engineer  is  governed  by  finances,"  says  William  N- 
Bosler,  Pi-incipal  Assistant  Engineer  of  the  Kentucky 
Department  of  State  Roads  and  Highways,  in  an  article 
elsewhere  in  this  issue.  "It  therefore  becomes  incum- 
bent upon  us  to  thoroughly  investigate  >and  utilize 
to  the  utmost  local  road  building  materials  for  our 
road  surfaces.  As  a  matter  of  fact  a  road  built  of 
native  materials,  if  properly  maintained,  is  a  better 
road  for  every  purpose  than  one  ■which  is  constructed 
of  much  better  material  at  a  greater  cost  but  which  is 
not  properly  cared  for.  In  the  use  of  local  material 
by  increasing  the  thickness  at  the  surfacing  section  we 
can  secure  a  more  economical  improvement  than  by 
importing  materials  from  other  states." 
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serve  to  lessen  it,  their  passing  would  be  only  a  matter 
of  a  very  few  years,  and  they  ctin  be  made  to  imder- 
stand  this  by  a  proper  campaign  of  education  and 
warning. 

The  division  of  roads  by  center  line  marking,  especi- 
ally at  curves,  is  a  growing  practice.  There  can  be 
urged  against  it  the  objections  that  it  serves  to  con- 
centrate traffic  too  much,  and  that  it  also  keeps  traffic 
constantly  near  the  edges  of  the  road  slab,  thus  en- 
couraging comer  breaking.  I  feel  that  its  expediency 
is  very  debatable  on  straight  stretches  of  highway 
but  that  on  curves  it  should  be  universally  used.  The 
pos.sibility  of  indicating  turns,  road  intersections,  and 
approaching  danger  on  the  road  surface  itself,  has  not 
been  thoroughly  worked  out  but  we  feel  that  there 
are  decided  chances  of  advance  along  this  line.  The 
good  driver  is  always  watching  the  road  and  can  read- 
ily note  such  signs  if  they  can  be  kept  clearly  marked- 


KNIGHT  LAW  HELD  UNCONSTITUTIONAL 

The  Court  of  Appeals  of  New  York  State  on  Feb. 
28  handed  down  a  decision  declaring  the  Knight  Law 
of  1919,  giving  contractors  for  the  construction  of 
highways  relief  from  unprofitable  contracts  made  when 
tlie  United  States  entered  the  war  to  be  unconstitu- 
tional in  a  test  case  brought  by  John  H.  Gordon,  Al- 
bany contractor.  The  war  permitted  the  cancellation 
cf  war  time  contracts  and  authorized  contractors  to 
recover  against  the  state  for  increased  cost  of  labor, 
materials  and  transportation  due  to  the  state  of  war- 
Nearly  300  claims  have  been  filed  under  the  law  aggre- 
gating about  three  million  dollars. 

The  Gordon  claim  for  $10,139  was  presented  to  the 
court  of  claims  by  the  State  Road  Builders'  Associa- 
tion and  the  court  held  the  law  to  be  in  violation  of 
the  state  constitution  prohibiting  the  granting  of  extra 
compensation  to  public  officers  or  contractors.  The 
appellant  division  fourth  department  reversed  the  de- 
cision of  the  court  of  claims  and  its  ruling  is  now  re- 
versed by  the  higher  court  and  that  of  the  court  of 
claims  sustained. 


Proper  Maintenance  Also  Contributes  to  Safety 

and  Beauty 
Something  can  be  done  for  both  safety  and  beauty 
by  proper  maintenance.     Signs  should  be  kept  clean 
and  repainted  as  often   as  necessary.     The   discreet 
use  of  paint  and  whitewash  on  guard  fences,  limiting 
stones,  and  signs  add  much  to  the  attractiveness  of  a 
road.    Brush  interfering  with  vision  at  corners  should 
be  kept  well  cut.    The  roadside  should  be  kept  mowed. 
It  should  not  be  assumed  that  just  because  detour 
signs  have  been  placed  they  are  going  to  remain  per- 
petually as  placed,  because  the  American  small  boy 
and  other  vandals  with  less  excuse  are  always  with 
us.    Engineers  u-sually  go  through  the  work  itself  and 
very  seldom  use  the  detours,  and  we  have  discovered 
cases  where  practically  all  signs  were  down  on  de- 
tours without  tlie  men  directly  in  charge  knowing  it, 
because  they  never  used  the  detour  but  went  through 
the  work.    Detours  should  be  in  charge  of  the  main- 
tenance department  and  not  the  construction  depart- 
ment, and  the  maintenance  engineers  should  be  re- 
quired to  travel  the  detours. 

Build  safety  into  the  structure  by  proper  design- 
Do  not  expect  to  provide  it  by  large  expenditures  of 
paint  and  signs  after  blunders  are  made.  Without 
proper  design,  maintenance  can  do  little  toward  pro- 
viding safety  except  in  cases  of  disaster  to  the  road 
structure.  Maintenance  can,  however,  assist  in  beau- 
tification  by  providing  well  kept  surfaces,  shoulders, 
and  ditches,  and  by  keeping  all  signs  and  attendant 
structures  well  painted  or  clean.  In  one  way,  by 
keeping  shrubbery  and  trees  cut  so  that  they  will  not 
interfere  with  vSion,  maintenance  will  add  to  the 
safety  of  the  road. 


ALABAMA  PASSES  $25,000,000  BOND  ISSUE 

The  State  of  Alabama  recently  passed  a  $25,000,000 
bond  issue  to  provide  funds  for  the  construction  of 
a  state  highway  system.  The  measure  was  passed 
by  an  overwhelming  favorable  vote.  Plans  are  being 
prepared  by  the  State  Highway  Commission  to  go 
ahead  witli  the  work  as  rapidly  as  possible. 


SOUTH  AMERICA  WILL  BUILD  ROADS 

WITH  MACHINERY  MADE  IN  U.  S. 

Hundreds  of  tons  of  Austin  machinery  wdll  shortly 
begin  to  move  through  New  Orleans  to  Brazil,  where 
it  will  be  employed  in  public  work  for  the  City  of  Sao 
Paolo.  Robert  Morris,  head  of  the  Austin  Machinery 
Corporation,  of  Louisiana,  has  been  in  Brazil  for  sev- 
eral weeks  working  on  this  deal,  which  he  recently 
succeeded  in  closing  at  a  price  of  $4,000,000.  As  this  is 
merely  the  first  in  a  series  of  municipal  improvements 
to  be  undertaken,  involving  the  outlay  of  several  more 
million  dollars,  Mr-  Morris  is  camping  on  the  ground 
in  the  hope  of  landing  other  contracts,  and  thus  creat- 
ing new  openings  for  Austin  equipment.  If  he  is  suc- 
cessful, the  company  will  probably  establish  a  branch 
in  Brazil,  either  at  Sao  Paolo  or  at  Rio. 

The  Austin  company  has  already  done  considerable 
business  in  Mexico.  With  Brazil  now  lined  up  on  a 
big  program  of  construction,  the  company  proposes 
to  cultivate  the  entire  Latin-American  field,  believing 
that  it  will  afford  a  market  of  steadily  increasing  im- 
portance. 


The  State  of  Utah  plans  to  construct  one  hundred 
miles  of  roads  this  year,  at  a  total  estimated  cost  of 
$2,500,000. 
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The  Construction  and  Maintenance  of  Low 

Cost  Road  Surfaces* 


By  WILiUAM  N.  BOSL-ERf 


The  field  engineer  upon  starting  upon  the  survey 
should  be  governed  only  by  two  points,  the  beginning 
and  end  of  the  project.    Local  influences  and  wishes 
should  not  be  allowed   to    dictate  the    road   to    pass 
everybody's  front  door.    As  a  matter  of  fact  we  have 
today  too  much  evidence  of  this  past  interference  in 
the  location  of  our  highway  systems  throughout  the 
counrry.    The  engineer  on  location  must  be  somewhat 
of  a  futurist,  that  is,  he  must  visualize  future  traffic 
and   urban   development    of   the    community    due    to 
the   new   highway.     He   must   study  the   topography 
and  establish  the  most  direct,  practicable,  serviceable 
and  economical  route  within  the  recognized  limits  of 
alignment,  curvature  and  gradient;  he  must  be  thor- 
oughly conversant  with  the  geological  formations  in 
order  to  properly  lay  the  grade  line  and  typical  cross 
sections ;  he  must  carefully  note  the  watershed  areas 
and   subsoil  conditions   to   correctly   recommend   the 
proper  sized  drainage  structures  and  foundation  sec- 
tions for  the  road  surface;  he  must  take  a  complete 
material  survey  to  determine  the  quantity  and  quality 
of  local  deposits  of  road  building  materials.    In  a  few 
words  ihe  field  engineer  not  only  locates  but  must 
plan  for  construction  and  prepare  for  future  main- 
tenance.   It  is  my  personal  opinion  that  the  competent 
k-cating   engineer    must    necessarily    know    construc- 
tion as  well  as  maintenance  of  highways.     In  fact  lo- 
cation work  offers  the  greatest  opportunity  to  display 
real  eiigineering  ability  in  highway  work,  as  there  is 
a  greater  chance  to  save  money  by  proper  location 
than  any  other  phase   of  road  work.     Personally  I 
have  never  seen  a  correctly  located  road  that  cost  too 
much.    It  is  better  business  policy  to  first  locate  prop- 
erly and  construct  as  a  grade  and  drain  improvement 
to  be  followed  later  by  surfacing  than  to  attempt  to 
spread  surfacing  by  sacrificing  location  because,  in 
the  final  analysis,  the  location  is  one  of  the  few  per- 
manent features  of  the  road.     In  this  connection  I 
desire  to   state  that   only  permanent  drainage  struc- 
tures should  be  constructed  regardless  of  the  type  of 
road  surface. 

Now  let  us  assume  that  we  have  built  a  properly 
located  and  drained  graded  earth  road.  From  a  pure- 
ly construction  viewpoint  it  is  far  better  to  allow  the 
road  to  be  seasoned  at  least  one  year  by  traffic  and  to 
permit  slides  to  become  stable  before  placing  the  sur- 
facing. An  earth  road  properly  maintained  is  not  a 
bad  riding  surface  and  by  this  method  of  procedure 
you  have  the  additional  advantage  of  time  in  detecting 


•Paper  presented  at  Highway  Convention  at  Unlveralty 
of    Kentucky. 

tPrlncipal    Assistant    Engineer.    Kentucky    Department 
of  State   Roads   and   Highways. 


subgrade  failures  before  placing  an  expensive  sur- 
face. An  earth  road  can  be  kept  in  good  riding  con- 
dition if  the  following  rules  are  kept  in  mind:  First, 
drag  after  every  rain  but  never  when  the  mud  is  in 
such  condition  as  to  stick  to  the  drag  and  spread  un- 
evenly ;  second,  drag  early  and  often.  If  the  drag  cuts 
too  much  shorten  the  hitch;  third,  do  not  increase  the 
crown  by  throwing  too-  much  material  to  the  center. 
To  prevent  this  set  the  drag  straight  and  throw  the 
material  to  the  sides. 

In  selecting  the  surfacing  material,  the  engineer  is 
again  governed  by  finances.    The  traffic  census,  future 
development  and  local  road  building  materials  should 
be  given  due  consideration  in  the  design  and  selection 
of  the  road  surfacing.     I  am  a  firm  believer  in  the 
merits   of  all  road  paving  materials  on  the   market 
today  when  used  within  the  proper  limits  of  traffic  and 
precept  of  design.     However,  I  do  not  believe  there 
is  any  highway  authority,  regardless  of  his  experience, 
that  can  conclusively  prove  that  any  known  type  is 
permanent  and  should  be  universally  used  on  our  main 
trunk  highway  system.     If  investigations  are  carried 
far  enough  existing  failures  will  be  found  in  all  types 
of  pavement  and  this  is  not  necessarily  due  to  the 
material  itself  but  can  be  caused  by  faulty  design, 
(xcessive  traffic  or  poor  construction.    Again  because 
a  certain  type  of  surfacing  is  successful  in  Maine  or 
Texas  does  not  warrant  that  it  would  prove  the  same 
ill  Kentucky.      Difference    in    topogrtphy    and    cli- 
matic conditions  also  enter  into  the  selection  of  road 
surfacing  material.     Naturally  the  taxpayer  will  de- 
mand the  best  returns  in  service  for  money  expended 
by  the  public  official  on  roads  as  he  does  in  his  private 
investments.     It   therefore  becomes   incumbent  upon 
us  to  thoroughly  investigate  and  utilize  to  the  utmost 
local  road  building  materials  for  our  road  surfaces. 
As  a  matter  of  fact  a  road  built  of  native  materials, 
if  properly  maintained,   is  a  better  road  for  every 
purpose   than  one  which  is  constructed  of  much  better 
material  at  a  greater  cost  but  which  is  not  properly 
cared  for.    In  the  use  of  local  material  by  increasing 
the  thickness  of  the  surfacing  section  we  can  secure 
a  more   economical  improvement   than  by  importing 
materials  from  other  states.    The  first  or  original  cost 
will   be  less  and  during  construction  additional  ma- 
terial can  be  stored  on  the  site  of  work  at  a  reasonable 
charge  to   care  for  future  maintenance.     In  certain 
sections  of  the  state  we  have  an  abundance  of  creek, 
bank  and  river  gravel,  limestone,  sandstone  and  slag 
of   good   quality.     In  Western   Kentucky   owing  to 
the  availability  of  material  we  have  constructed  a  large 
mileage  of  bank  gravel  and   clay  gravel  roads  and 
should  continue  to  do  so,  for  although  not  a  perman- 
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ent  type  it  proves,  with  proper  maintenance,  to  be 
very  serviceable  and  a  good  return  for  the  money  in- 
vested. The  real  secret  of  success  with  any  gravel 
road  is  the  ability  to  keep  just  enough  moisture  in  the 
road ;  too  much  water  is  no  worse  than  too  little.  The 
surface  of  gravel  roads  can  be  kept  in  first  class  con- 
dition under  reasonable  traffic  by  dragging.  This  is 
very  important  and  requires  excellent  judgment.  The 
mainicnance  man  must  know  from  experience  wh'^n 
the  surface  is  in  the  right  condition  to  drag,  how  much 
crown  is  best  for  the  surfacing  material  and  above  all 
must  be  willing  to  get  results  at  one  operation.  In- 
competent men  on  gravel  maintenance  mean  wasted 
money  and  no  results.  More  depends  upon  the  ex- 
ecution of  the  work  and  experience  of  the  man  in 
charge  than  upon  tlie  methods  used.  A  roadway 
should  be  kept  uniform  in  cross  section  from  ditch 
to  ditch  not  only  to  prevent  water  damage  but  also 
to  distribute  the  travel  so  as  to  eliminate  ruts.  C!on- 
centrated  travel  on  one  section  of  surface  will  soon 
wear  out  a  gravel  road.  If  experiments  now  being 
conducted  by  this  Department,  namely,  surface  treat- 
ing gravel  roads,  prove  successful  we  are  of  the  opin- 
ion that  maintenance  cost  can  be  reduced  and  tlie  life 
and  ser\'iceability  of  this  type  greatly  increased. 

What  has  been  said  of  gravel  construction  in  west- 
em  Kentucky  is  equally  true  of  waterbound,  limestone 
and  slag  macadam  in  central  and  eastern  Kentucky. 
Our  local  material  for  limestone  macadam  is  of  a  vary- 
ing quality  but  when  properly  constructed  and  sur- 
face treated  gives  excellent  satisfaction.  It  is  the 
policy  of  this  Department  to  surface  treat  all  lime- 
stone macadam  with  a  bituminous  carpet  treatment 
one  season  after  original  construction,  it  being  our 
practice  to  apply  carpet  treatment  in  two  applications : 
a  prime  or  light  coat  followed  by  a  second  or  medium 
coat  of  bituminous  material.  Frequent  applications 
of  light  material  and  small  gallonage  give  better  re- 
sults than  heavy  material  and  large  gallonage.  Too 
heavy  a  bituminous  carpet  is  worse  than  one  too  light. 
It  is  our  general  practice  to  construct  waterbound  slag 
macadam  in  detail  as  a  limestone  macadam  and  like- 
wise to  surface  treat  new  construction  after  being 
thoroughly  seasoned  by  traffic.  In  some  sections  of 
eastern  Kentucky  we  have  a  local  dep6sit  of  sandstone 
which  we  utilize  as  a  hand-napped  base  course  sup- 
plemented with  waterbound  limestone  macadam  top 
or  wearin;?  surface.  This  also  has  proven  economical 
and  a  satisfactory  road  surface  when  given  the  cus- 
tomary surface  treatment. 

The  next  subject  for  consideration  is  reconstruction. 
Ordinarily  speaking  the  general  alignment  of  the  ex- 
isting road  surface  must  be  followed  because  of  per- 
manent land  improvements,  however,  changes  in  cur- 
vature, gradient  and  small  revisions  in  alignment,  in- 
stallation of  new  drainage  structures  and  additional 
right  of  way  will  be  found  necessary  to  improve  the 
safety  of  traffic.     As  regard.s  design  the  depth  of  ex- 


isting surfacing  material  is  generally  considered  as 
liaving  a  value  of  50%.  Additional  new  surfacing 
must  be  added  to  bring  the  compacted  thickness  to 
the  ro(iuircments.  Scariification  and  reshaping  are 
necessary  to  produce  the  required  cross  section,  then 
the  usual  method  of  constructing  the  type  in  question, 
all  of  which  is  to  be  followed  by  a  bituminous  carpet 
treatment.  A  great  many  miles  of  waterbound  lime- 
stone macadam  roads  in  this  state  that  are  considered 
by  laymen  to  be  practically  worthless  could  have  been 
saved  in  the  past  by  the  proper  maintenance  methods, 
but  unfortunately  at  that  time  such  matters  came  with- 
in the  jurisdiction  of  the  county  and  was  neglected  to 
such  an  extent  that  what  could  then  have  been  re- 
surfaced now  has  to  be  reconstinicted  and  costs  nearly 
as  much  as  original  work.  A  few  words  to  the  county 
officials  regarding  this  matter  may  not  be  amiss.  Con- 
sider your  highway,s  in  the  same  attitude  as  a  rail- 
road company  views  its  property.  As  soon  as  it  is 
constructed  start  maintaining  and  keep  maintaining 
as  long  as  the  road  is  to  be  used  as  such.  If  you 
would  only  spend  one-half  in  maintenance  of  what  you 
will  lose  by  not  maintaining,  your  roads  would  all  bo 
good  and  at  the  end  of  ten  years'  time  you  will  have 
something  to  show  for  your  money  besides  sad  ex- 
perience and  depleted  highways.  Do  not  discard  your 
present  roads  because  they  are  badly  worn.  Salvage 
and  revive  them  and  get  useful  mileage  rather  than 
attempt  too  much  high  and  costly  types  of  surfacing. 
Your  original  investment  should  by  all  means  be  saved 
whether  the  road  be  earth,  gravel,  slag,  or  limestone. 
T  am  afraid  we  are  too  prone  in  this  day  of  fast  ve- 
hicular travel  to  demand  the  costly  and  easy-riding 
surface  and  in  many  instances  discard  what  would 
prove  useful.  We  cannot  all  live  in  stone  of  brick 
mansions  and  ride  in  Pierce-Arrow  limousines.  Con- 
sider the  money  invested  in  original  construction,  plus 
interest  on  same,  plus  yearly  maintenance  necessary 
to  produce  a  serviceable  road  for  the  demands  of 
traffic  when  comparing  types  for  the  purpose  of  sel- 
ecting and  ansAver  your  own  local  questions. 

In  the  final  summation  my  personal  belief  leads  me 
to  say  that  75%  of  the  traffic  in  this  state  can  be 
served  satisfactorily  for  the  next  ten  years  by  con- 
struction using  local  materials,  surface  treating  and 
properly  maintained.  Understand  me  correctly,  I  do 
not  wfsh  to  discourage  construction  of  high  type  road 
surfacing,  but  I  do  wish  to  avoid  breaking  our  financial 
back  for  mere  appearance's  sake.  The  day  has  un- 
questionably come  when  higher  types  of  road  must  be 
built  but  what  Kentucky  needs  now  is  a  larger  mile- 
age of  surface  roads  rather  than  a  small  mileage  of 
high-priced  highways.  Unfortunately  there  is  not 
money  available  to  build  all  roads  at  once  and  we 
must  save  our  assets  as  exist  in  the  old  pikes  until 
we  have  the  price  for  new  ones.  By  means  of  careful 
patching,  constant  patrolling  and  surface  treating,  it 
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is  possible  and  not  too  expensive  to  save  money  on 
old  roads.  As  additional  money  becomes  available  re- 
surfacing can  be  carried  on  and  eventually  everyony 
will  have  a  good  road. 

If  we  want  to  spend  money  properly,  invest  in  the 
very  best  location  and  installation  of  permanent  drain- 
age structures  and  place  thereon  a  surfacing  of  local 


material  adequate  for  traffic  which  can  be  maintained 
as  a  serviceable  road  at  a  minimum  cost.  Most  any 
engineer  with  unlimited  funds  can  locate,  design,  con- 
struct and  maintain  a  costly  improvement,  but  it  re- 
quires real  engineering  ability  to  use  native  materials, 
adapt  them  to  local  conditions  and  serve  the  people 
economically  and  satisfactorily. 


Disappearance  of  Paper  Profits' 


By  HENRY  H.  Wn^SOXf 

(Continued   from    last   issue) 


The  preparation  of  a  bid  upon  the  excavation  em- 
braced in  a  highway  contract  is  believed  to  be  one  of 
the  most  prolific  sources  for  the  disappearance  of  pa- 
per profits.  It  is  doubtful  if  any  other  item  of  a  road 
contract  holds  such  possibilities  for  loss.  In  propor- 
tion to  its  relative  value  in  determining  profit  or  loss, 
excavation  probably  receives  from  the  average  bidder 
less  careful  and  painstaking  attention  than  any  other 
contract  item.  Many  constructors  appear  to  bid  exca- 
vation at  about  what  they  estimate  the  actual  labor 
cost  of  performing  it  to  be,  without  giving  any  thought 
to  the  fact  that  it  is  one  of  the  principal  items  in  al- 
most every  highway  contract  and  should  properly  take 
care  of  a  very  considerable  portion  of  the  overhead 
expense  and  profit.  Paper  profits  on  excavation  may 
disappear  throug'h  failure  to  properly  appraise  any  of 
the  following  factors. 

Classify  Excavation  Before  Bidding 

(a)  Failure  to  study  all  excavation  involved  in  the 
field  and  to  work  out  in  advance  of  bidding  an  approx- 
imate classification  of  material  to  be  handled  in  grad- 
ing, foundations,  ditches,  borrow  pits,  shoulders,  dress- 
ing slopes,  refilling  rock  breakage  in  cuts,  etc.  Al- 
most any  constructor  can  tell  you  what  the  total  unit 
cost  of  excavation  was  on  a  particular  job  but  few  can 
tell  how  many  yards  of  each  of  the  various  classes  of 
material  Avere  handled  by  a  particular  method  and  the 
resulting  unit  costs.  Because  of  the  difficulty  and 
expense  necessary  to  properly  keep  such  costs  we  not 
only  find  constructors'  records  but  the  actual  technical 
literature  in  existence  on  this  particular  subject,  very 
barren. 

After  all  pains  and  technique  have  been  exhausted, 
however,  we  are  still  forced  to  admit  that  any  estimate 
upon  road  excavation  will,  doubtless,  vary  more  widely 
from  the  actual  costs  experienced  than  the  estimate 
upon  any  other  item  in  a  highway  contract.  Under 
these  conditions  one    might    think    that    constructors 

♦Paper  presented  at  annual  meeting  of  the  Highway 
Division,  A.   G.   A.,   Cleveland,  O.,  Jan.   18,   1922. 

tWinston   &   Co.,   Muncy,   Pa. 

The  flret  installment  of  tMs  article  a^jpeared  on  pages  131-1'33 
of  Ih.sI   wpfk'.^'  i.ssne. 


would  proceed  with  more  caution  and  be  less  inclined 
to  flirt  with  the  danger  line  in  bidding  on  this  item 
than  on  any  other  item  of  a  contract,  but  no  such  im- 
pression can  be  justified  by  the  history  of  bids  and  re- 
sulting costs  in  recent  years. 

Minor  Expenses  Count  Up 

(b)  Failure  to  estimate  even  approximately  on  the 
amount  of  fence  moving,  sod,  clearing,  scarifying  and 
other  items  which  may  be  included  in  the  excavation 
price. 

(c)  Failure  to  approximate  average  length  of  haul 
or  overhaul  on  excavation  and  borrow. 

(d)  Failure  to  recognize  that,  on  most  road  construc- 
tion in  cuts  it  is  impracticable  not  to  excavate  a  large 
portion  of  the  shoulders  and  then  replace  same  with- 
out payment  for  either  operation. 

(e)  Incurring  heavy  demurrage  charges  through  fail- 
ure to  provide  for  orderly  shipment  and  unloading  of 
materials.  The  writer  heard  of  one  highway  construc- 
tor in  the  East  who  was  forced  to  pay  several  thousand 
dollars  demurrage  in  a  single  season  through  accumu- 
lation of  cars  due  to  carelessness  in  design  of  the  un- 
loading plant  and  ordering  of  shipments. 

(f)  Failure  to  allow  on  estimate  for  expense  of 
stocking  and  rehandling  materials  and  for  waste  in 
materials  incident  thereto. 

(g)  Failure  to  properly  figure  average  haul  on  mate- 
rials for  pavement,  masonry  and  other  items  for  the" 
work  as  a  whole. 

(h)  Failure  to  figure  cost  of  steel  bars,  pins  and 
filler  required  for  expansion  joints. 

(e)  Failure  to  figure  shrinkage  as  between  loose 
measure  and  solid  measure  in  the  construction  of  sub- 
base,  broken  stone  base  and  other  foundation  courses. 

Masonry  Unit  Costs  Vary  Greatly 

(f)  Failure  in  bidding  on  masonry  work  to  recognize 
the  great  variation  in  the  unit  costs  of  labor  and  other 
expenses  as  between  bridges,  walls  and  other  heavy 
masonry  and  pipe-head  walls.  Aside  from  bridge  par- 
apets, the  construction  of  head  walls  will  be  found  to 
be  comparatively  much  more  expensive  than  other  ma- 


148 


GOOD    ROADS 


March  8,  1922 


sonry  quantities  not  only  in  labor  but  also  in  waste  of 
material  as  well.  As  an  instance  of  this  on  a  road 
project  built  in  1920  the  cost  of  rubbing  down  head 
walls  with  labor  at  $4.50  per  day,  was  found  to  be 
thirty  cents  per  cubic  yard  of  concrete  placed  in  head 
walls. 

(g)  Failure  to  make  proper  charge  for  supplies  re- 
quired in  connection  with  concrete  masonry,  tile  under- 
drains  and  other  miscellaneous  items  of  contract  work. 

Conclusion 
In  conclusion  it  may  be  said  that  there  is  no  royal 
road  either  to  the  best  estimating  or  the  prevention  of 
the  disappearance  of  paper  profits.  To  the  close  stud- 
ent of  the  subject,  however,  this  fundamental  thought 
should  always  suggest  itself :  No  matter  how  many  un- 
certainties may  enter  into  the  preparation  of  an  esti- 
mate, the  moment  you  eliminate  or  neutralize  one  of 


these  uncertainties  by  careful  analysis  or  study  you 
are  correspondingly  closer  to  the  actual  result  than  if 
you  guessed  at  them  all. 

As  has  been  said  before,  no  scheme  will  ever  be  de- 
vised or  charts  drawn  so  that  a  novice  can  make  high- 
way estimates.  By  the  same  token  nothing  will  ever 
be  promulgated  or  known  wliich  will  entirely  eliminate 
the  disappearance  of  paper  profits.  However,  through 
use  of  brains,  intellient  interpretation  and  application 
of  previous  costs  as  well  as  a  cultivation  through 
study  of  a  knowledge  of  conditions  influencing  costs, 
risks  can  be  greatly  minimized  and  a  much  more  accu- 
rate and  conservative  result  obtained  than  is  possible 
by  any  other  human  methods.  "Every  tub  must  stand 
on  its  own  bottom."  Your  aptitude  in  eliminating  the 
disappearance  of  paper  profits  will  have  to  be  built 
on  experience  and  study  in  the  actual  conduct  of  con- 
struction. 


Central  Plant  Mixed  Concrete  Tested  for 
Maximum  Safe  Haul* 


The  tests  were  made  primarily  for  the  purpose  of  de- 
termining the  probable  safe  maximum  length  of  haul 
for  central-plant-mixed  concrete  to  be  used  in  the 
construction  of  a  proposed  experimental  concrete  road 
near  Washington,  D.  C.  The  results  are  interesting, 
however,  in  a  general  way  in  that  they  show  the  rela- 
tive strength  and  consistency  of  gravel  concrete  when 
hauled  in  a  wet  batch  and  tested  at  various  periods 
of  time  up  to  three  hours  after  initial  mixing.  The 
experiment  was  made  in  the  following  manner:  Two 
batches  of  concrete  in  the  proportion  of  1  -.lyi  :3  were 
mixed  in  a  stationary  concrete  mixing  plant  of  1  cubic 
yard  capacity.  Potomac  River  sand  and  gravel  were 
used  as  aggregates,  the  latter  graded  from  lyi  inches 
to  Vi  inch  size-  An  effort  was  made  to  mix  each  batch 
to  a  consistency  having  a  slump  of  about  2  inches  as 
measured  by  the  truncated  cone. 

After  mixing,  the  concrete  was  dumped  directly  into 
a  3-ton  truck,  the  wooden  body  of  which  had  previous- 
ly been  divided  into  six  compartments  by  means  of 
transverse  boards  equally  spaced  and  e^ch  about  1 
foot  high.  The  concrete  in  the  two  batches  was 
dumped  so  that  each  of  these  six  compartments  con- 
tained approximately  one-third  of  a  cubic  yard.  After 
making  a  slump  test  and  casting  6-inch  by  12-inch 
cylindrical  specimens  for  compression  test,  the  truck 
was  run  for  30  minutes,  when  the  contents  of  the  first 
compartment  were  sampled  for  consistency  and 
strength.  The  concrete  in  compartment  No-  1  was  not 
dxmiped  at  this  time  but  was  sampled  in  the  truck, 
every  effort  being  made  to  secure  average  samples.  The 
truck  was  then  run  to  the  Arlington  Experimental  Sta- 
tion, a  distance  of  3  miles,  where  the  contents  of  com- 
partment No.  1  were  dumped.  Inasmuch  as  a  dump 
•Trom  "Public  Road*." 


body  was  not  available  for  this  experiment  it  was  neces- 
sa  ry  to  shovel  out  the  concrete  by  hand.  Its  consistency 
at  this  point,  however,  was  such  that  it  came  out  readily 
and  would  probably  have  dumped  easily  from  a  regu- 
lation dump  body.  After  removing  the  concrete  from 
compartment  No-  1,  the  truck  was  run  about  the  sta- 
tion roads  for  15  minutes,  returning  to  the  starting 
point  and  the  contents  of  the  second  compartment  de- 

RESUITTS    OF    TESTS    OF    CENTRAL    PLANT    MIXED 
CONCRETE 
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INTERVAL  IN  HOURS  BETWEEN  TIME  OF  INITIAL  MIXIN8 
AND  TIME  OF  CASTING  SPECIMENS 

posited.  Samples  for  both  consistency  and  strength 
were  likewise  taken  of  this  material,  after  which  the 
operation  of  driving  15  minutes,  dumping  and  sam- 
pling was  repeated  until  all  of  the  concrete  had  been 
deposited. 
The  concrete  had  been  mixed  3  hours  and  10  min- 
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utes  when  the  last  section  was  removed.  By  this  time 
it  had  become  so  hard  that  it  was  necessary  to  break 
it  up  with  a  pick.  Up  to  section  6,  however,  it  was  pos- 
sible to  remove  the  concrete  with  shovels,  and,  al- 
though very  dry,  segregation  had  not  become  espec- 
ially marked.  This  may  probably  be  accounted  for 
by  the  fact  that  the  concrete  was  mixed  fairly  dry  in 
the  first  place,  the  initial  slump  being  only  about  2 
inches.  It  has  been  noted  frequently  that  wet  concrete 
will  segregate  more  quickly  and  pack  more  readily 
during  hauling  than  dry  concrete. 

Stren^h  Not  Affected  so  Long  as  Concrete  Is 
Workable 

The  results  of  the  tests  of  consistency  as  well  as  the 
28-day  crushing  strength  tests  are  given  in  Table  1. 
They  are  also  shown  in  figure  1,  in  which  the  slump  in 
inches  and  the  crushing  strength  in  pounds  per  square 
inch  at  28  days  are  plotted  against  the«length  of  haul 

RESULTS   OP   TESTS   FOR    CONSISTENCY   AND   CRUSH- 
ING   STRENGTH    OP    CENTRAL-PLANT- 
MIXED  CONCRETE 


Com- 
part- 
ment 
number. 

Total 
elapsed 
tim.e.« 

slump.* 

Crushing  strength, 
pounds  per  square  inch.< 

(1) 

(2) 

Average. 

1 

2 
3 
4 
5 
6 

Hrs.  min. 
15 
45 
1    30 

1  50 

2  10 
2    25 

2  45 

3  10 

Inches. 
2 

1 

i 
f 

■ 

3,620 
3,460 
2,670 
3,510 
3,820 
3,110 
3,840 
3,300 

3,510 
3,650 
2,200 
2,960 
3,580 
3,550 
4,230 
3,370 

3,565 
3,505 
2,435 
3,235 
3,700 
3,330 
4,035 
3,335 

1.  Te.st  made  at  plant. 

2.  Time    between    initial   mixing    and    sampling. 

3.  Test  made  with   truncated   cone   12    inches   high   and  with   top 
and   bottom  diameters  of  4  and   8  inches,   respectively. 

4.  Tests  made  on  6-inch  by   12-lnch  cylinders  of  1:1'A:S   concrete 
at  age  ot  28  days. 

in  hours.  It  will  be  noted  that,  whereas  the  concrete 
became  very  dry  after  about  one  hour's  haul,  the 
strength  of  the  cylinders  prepared  from  the  various 
batches  was  about  the  same.  In  only  one  case  was  the 
strength  much  below  the  general  average  of  3,500 
pounds  per  square  inch.  This  was  noted  in  the  case 
of  the  cylinders  made  from  the  concrete  in  compart- 
ment No.  1.  Nothing  in  the  appearance  of  the  concrete 
at  the  time  these  cylinders  were  cast  would  account  for 
the  difference  in  strength.  All  of  the  specimens  were 
made  as  nearly  as  possible  in  accordance  with  the  rec- 
ommended practice  of  the  American  Society  for  Test- 
ing Materials  for  taking  field  specimens  of  concrete, 
but  as  the  concrete  in  the  last  three  compartments  was 
so  dry  as  to  show  practically  no  slump  it  was  neces- 
sary to  use  considerably  more  pressure  in  preparing 
the  cylinders  representing  these  sections- 

The  appearance  of  the  concrete  during  the  experi- 
ment would  indicate  that  it  could  have  been  handled 
by  a  concrete  pavement  finishing  machine  at  any  pe- 
riod up  to  two  hours  after  mixing.    It  became  too  dry 


for  hand  finishing,  however,  45  minutes  after  mixing. 
Assuming  that  a  wetter  mixture  would  have  segregat- 
ed more  quickly,  especially  with  a  gravel  aggregate, 
the  experiment  indicates  that  the  most  practical  way 
to  utilize  the  central  mixing  plant  in  concrete  road 
construction  is  in  connection  with  a  machine  finisher. 
It  also  indicates  that  so  long  as  the  concrete  is  work- 
able after  a  period  of  hauling,  the  strength  will  not  be 
affected. 

As  previously  noted,  this  experiment  was  made  sim- 
ply in  order  to  obtain  some  idea  of  the  behavior  of 
certain  aggregates  when  handled  as  central-plant-mixed 
concrete.  It  is  the  intention  of  the  Bureau  of  Public 
Roads  to  make  a  somewhat  extended  investigation  of 
this  subject  in  the  near  future,  using  a  variety  of  ag- 
gregates and  consistencies. 


MARICOPA  COUNTY,  ARIZONA,  RECEIVES  BIDS 

Bids  were  recently  received  by  Maricopa  County, 
Arizona,  for  the  construction  of  168  mi.  of  road  under 
the  proceeds  of  its  second  bond  issue,  amounting  to 
$4,500,000.  Twohy  Bros.,  who  held  the  contract  for 
the  work  done  under  the  first  bond  issue  of  $4,000,000, 
was  the  low  bidder  on  concrete  pavement,  bidding 
$2.31  per  square  yard  for  6  in.  pavement,  and  $2.02 
for  5  in.  pavement- 


WISCONSIN  HAS  BIG  ROAD  PROGRAM 

Funds   available   for  road   construction   and   main- 
tenance in  Wisconsin  for  1922  are  as  follows: 

Federal  aid  construction $  6,000,000 

State  aid  construction   13,800,000 

Non-state  aid  construction   2,000,000 

Maintenance    4,500,000 

Total  construction   21,800,000 

Grand   total    26,300,000 


The  State  of  New  York  spent  $28,775,886  on  road 
construction  in  1921,  breaking  all  records  for  highway 
construction  in  the  history  of  the  state. 


The  Famous  Storm  King  Highway  in  New  York  has 

been  graded  and  it  is  expected  that  it  will  be  formally 
opened  in  July. 

The  New  York  Central  Railroad  has  started  an  ac- 
tion to  recover  $22-50  from  the  State  of  New  York. 
Last  November  crushed  stone  owned  by  the  state  was 
dumped  on  the  company's  tracks  and  a  ear  was  de- 
railed after  the  stone  was  dumped. 


A  Bill  Will  be  Introduced  in  the  New  York  Legis- 
lature providing  that  state  highways  shall  be  cleared 
of  snow  and  kept  open  for  traffic  all  the  year.  This 
hill  is  approved  by  State  Highway  Commissioner  Sis- 
son-  The  state  has  distributed  600  trucks  in  57  coun- 
ties and  under  this  bill  every  county  must  keep  high- 
ways open  during  the  winter. 
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MEETINGS 

Calendar  of  Coming  Meetings 

June  4-6 — American  Association  of  Engineers — An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary,  C.  E. 
Drayer.  63  E.  Adams  St.,  Chicago,  111. 

June  26-July  1— American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineers'  Club  Bldg.,  Phila- 
dephia.  Pa. 


IOWA  ROAD  CONFERENCE 

The  tenth  annual  Iowa  Road  Conference  will  be  held 
en  March  22  to  24  at  Aines,  la.,  at  the  headquarters 
of  the  State  Highway  Commission.  It  is  expected  that 
a  large  niimber  of  county  and  town  officials  and  en- 
gineers will  attend  to  discuss  the  various  matters  to 
be  considered  at  the  conference. 


STANDARDS  COMMITTEE  ELECTS  OFFICERS 

At  the  annual  meeting  of  the  American  Engineering 
Standards  Committee  held  in  New  York  on  Feb.  9, 
Albert  W-  Whitney,  a  representative  of  the  National 
Safety  Council,  was  elected  chairman,  and  George  C. 
Stone,  a  representative  of  the  American  Institute  of 
Mining  and  Metallurgical  Engineers,  was  re-elected 
vice-chairman.  Mr.  Whitney  is  Associate  General 
Manager  of  the  National  Bureau  of  Casualty  and 
Surety  Underwriters.  Mr.  A.  A-  Stevenson,  the  retir- 
ing chairman,  is  a  representative  of  the  American  So- 
ciety for  Testing  Materials. 


PERSONAL  MENTION 

A-  H.  Chambers  has  resigned  as  city  engineer  of  Lo- 
gan, Utah. 

Fred  W.  Thomas  has  been  appointed  city  engineer 
of  Logan,  Utah. 

Charles  H.  Moorefield  has  resigned  as  state  highAvay 
engineer  of  South  Carolina. 

F.  W.  Branin  has  been  appointed  assistant  engineer 
of  Burlington  County,  New  Jersey. 

P-  D.  Mold  has  resigned  as  county  engineer  of  Carl- 
ton County,  Minnesota,  to  go  with  the  Minnesota  State 
Highway  Department. 

F.  S.  Crecelius  has  been  appointed  division  engineer 
of  the  Texas  State  Highway  Department,  with  head- 
quarters at  San  Antonio. 


Daniel  A.  Young,  an  employee  of  the  New  York 
State  Highway  Department  for  12  years,  has  been  ap- 
pointed state  engineer  of  Vermont. 

W.  M.  Spann  has  been  appointed  engineer  of  sur- 
veys of  the  Montana  State  Highway  Department-  Mr. 
Spann  Mas  formerly  district  engineer  of  the  depart- 
ment. 


OBITUARY 


William  C.  Sargent  for  22  years  secretary  and  also 
a  director  of  the  Chain  Belt  Company,  Milwaukee,  Wis., 
died  suddenly  on  Feb-  5  as  a  result  of  heart  failure. 
He  was  73  yea'rs  of  age  and  has  been  in  ill  health  for 
several  years. 

Mr.  Sarg- 
ent, prom- 
inent in  in- 
dustrial cir- 
cles of  Mil- 
waukee and 
St.  Pan  1, 
had  a  wide 
national  ac- 
quaintance- 
s  h  i  p.  He 
was  born  at 
Troy,  N.  Y., 
In  1849-  •  In 
1871  he 
moved 
West,  locat- 
ing at  St. 
Paul,  where 
h  e  organ- 
ized the  De 
Cou,  Corliss 
WILLIAM  c.  SARGENT  and    Sarg- 

ent Company,  manufacturers  of  sash  and  doors.  He 
later  became  affiliated  with  the  St.  Paul  Harvester 
Company  where  he  met  C.  W.  Le  Valley  who  later 
founded  the  Chain  Belt  Company,  of  Milwaukee.  This 
meeting  was  the  beginning  of  a  long  business  asso- 
ciation for  in  1900  Mr.  vSai-gcnt  went  to  Milwaukee  to 
become  secretary  and  later  a  director  of  the  Chain 
Belt  Company.  He  was  also  a  director  of  the  Federal 
Malleable  Company,  West  Allis,  Wisconsin.  His  father 
was  one  of  the  founders  of  the  Tcrre  Haute,  Alton 
and  St.  Louis  Railroad. 

Mr.  Sargent  established  many  of  the  early  business 
connections  of  the  Chain  Belt  Company  many  of  which 
are  still  among  the  Company's  jobbers- 
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Gravel  Macadam  main- 
tained with  "Tarvia-B." 
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Typical  Spring  conditions  on  a  soft  surfaced  road. 


Every  Spring  finds  scores  of  communi- 
ties inaugurating  systematic  programs  of 
salvaging  the  roads  already  built — put- 
ting them  in  shape  to  handle  the  growing 
traffic  before  new  construction  is  begun. 

The  economy  of  such  a  sound  Good 
Roads  Program  appeals  to  taxpayers 
everywhere. 

How  about  the  roads  in  your  com- 
munity? Quite  likely  the  old,  worn-out 
macadam  that  you  have  thought  worth- 
less can  be  quickly  and  cheaply  restored 
to  usefulness  by  a  traffic-proof  Tarvia  top. 


There  may  be  other  stretches  that  need 
nothing  more  than  the  time  of  a  patrol 
crew  to  patch  them  with  "Tarvia-KP" — 
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preserve  the  surface  and  make  it  traffic- 
proof  and  weather-resisting. 
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waterproof  and  automobile-proof  365 
days  in  the  year.  Their  low  first  cost  and 
economy  of  maintenance  places  good 
roads  and  their  many  advantages  within 
reach  of  the  most  modest  community. 
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Results  of  Highway  Research  Conducted  by 

lUinois* 


By  CLIFFORD  OLDEBf 


Early  in  1920,  Governor  Frank  0.  Lowden,  in  con- 
ference with  Frank  I.  Bennett,  Director  of  the  Depart- 
ment of  Public  "Works  and  Buildings,  S.  E.  Bradt, 
State  Superintendent  of  Highways,  and  the  writer,  de- 
cided that  the  State  of  Illinois  was  justified  in  under- 
taking the  construction  of  an .  experimental  road  of 
unprecedented  magnitude.  This  decision  was  based 
on  the  fact  that  Illinois  then  had  in  contemplation  the 
expenditure  of  possibly  one  hundred  million  dollars 
in  a  road  improvenu-ut  progi'am.  To  undertake  a  pro- 
gram of  this  size  without  definite  scientific  knowledge 
of  the  behavior  of  certain  pavements  under  truck  traf- 
fic and  rural  conditions — without  knowing  definitely 
how  to  design  pavements  to  sustain  truck  traffic  was 
considered  unwise.  The  result  was  the  construction 
of  the  Bates  Experimental  Boad. 

The  Bates  Road  was  started  in  1920  and  was  finished 
in  1921.  The  completion  of  the  project  and  the  con- 
tinuance of  investigations  in  connection  therewith  were 
heartily  endorsed  by  Governor  Small. 

This  paper  gives  a  summary  of  the  results  of  the 
scientific  research  which  has  been  carried  out,  both 
as  to  the  construction  and  subsequent  behavior  of  this 
road. 

Since  the  last  of  October,  1920,  an  average  of  ten 
investigators  have  been  occupied  in  research  work. 
An  enormous  volume  of  data  has  been  collected,  and 
preliminary  analyses  made.  It  would  obviously  be 
impossible  to  give  in  detail  all  of  the  data  collected. 
Typical  illustrations  in  the  way  of  photographs  and 
diagrams  will  be  used  to  show  conclusions  which  may 
reasonably  be  deducted  from  the  data  obtained. 

Subgrade  Moisture 

For  more  than  a  year  subgrade  samples  for  the  de- 
termination of  moisture  content  have  been  collected 

*Paper  presented  at  annual  convention  of  the  American 
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periodically  from  several  hundred  stations  located 
along  the  Bates  Road  and  along  about  60  mi.  of  paved 
highways  adjacent  to  Springfield. 

In  Fig.  1  is  plotted  the  moisture  content  curve  of 
the  subgrade  of  the  Bates  Road.  The  moisture  con- 
tent is  expressed  as  a  percentage  of  the  dry  weight  of 
the  soil.  The  soil  in  this  case  is  the  brown  silt  loam  of 
the  Mississippi  Valley  Corn  Belt.  It  is  a  finely  divided 
material  that  ordinarily  would  be  called  a  clay  soil. 
The  sampling  stations  in  the  Bates  Road  were  estab- 
lished in  positions  such  that  the  results  would  show 
any  variation  which  might  occur  in  the  moisture  con- 
tent, due  to  the  proximity  of  the  station  to  the  edge 
of  the  pavement,  to  cracks  and  to  joints,  as  well  as  in 
areas  as  far  removed  from  such  features  as  possible. 
It  soon  developed,  however,  that  the  moisture  content 
of  the  subgrade  soil  in  proximity  to  edges  and  cracks 
was  at  no  time  materially  different  from  that  observed 
elsewhere.  This  conclusion  has  been  checked  from 
time  to  time  up  to  the  present  date.  This  condition 
might  not  prevail  in  localities  where  prolonged  rain- 
less seasons  occur.  A  further  observation  of  interest 
in  this  connection  is  that  at  the  point  in  the  Bates  Road 
where  a  tile  drain  with  a  cinder  backfill  was  laid  30 
in.  below  each  edge  of  the  pavement  for  a  distance 
of  200  ft.,  the  moisture  samples  show  no  variation  from 
those  obtained  elsewhere. 

About  eight  miles  from  the  Bates  Road  a  section  of 
pavement,  1,000  ft.  long,  was  selected  for  a  drainage 
experiment.  Tile  drains  were  laid  immediately  under 
each  edge  of  the  pavement  a  depth  of  36  in.  below 
the  bottom  of  the  slab.  The  trenches  were  back  filled 
with  cinders  and  sampling  stations  were  established 
throughout  the  1,000  ft.  The  moisture  content  of  the  soil 
under  this  section  has  been  uniformly  lower  than  that 
under  the  Bates  Road.  However,  it  is  believed  that 
this  result  is  due  to  the  difference  in  the  character  of 
the  subgrade  soil  (which  is  a  yellow  clay)  rather  than 
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to  the  effect  of  the  tile  drainage.  This  conclusion  is 
deducted  from  the  fact  that  moisture  samples  taken 
from  the  subgrade  of  undrained  sections,  where  the 
soil  is  of  the  same  nature,  also  shows  a  lower  moisture 
•content  than  that  under  the  Bates  Road  and  approxi- 
mately the  same  as  that  of  the  tiled  sections.  A  suffi- 
cient number  of  samples  from  undrained  subgi'ades 
having  soil  of  this  character  lias  not  as  yet  been  tested 
to  make  this  conclusion  positive. 

Prof.  Eno,  in  a  paper  read  before  the  1921  conven- 
tion of  the  American  Road  Builders'  Association, 
brought  out  the  fact  that  certain  clay  soils  of  Ohio 
when  moulded  in  a  moist  condition  resisted  to  a  marked 
extent  the  fui-thcr  absorption  of  moisture,  while  the 
same  soils  after  having  been  dried,  disintegrated  rapid- 
ly when  placed  in  water  and  absorbed  a  much  larger 
volume  of  .water  in  a  short  period  of  time.  It  seems 
probable  that  this  is  true  of  many  if  not  all  clay  soils; 
and  no  doubt  accounts  for  the  rapid  saturation  of  the 
Bates  Road  subgrade  in  the  fall  of  1920,  as  a  large 
portion  of  the  pavement  was  laid  on  an  air  dry  sub- 
grade.  Within  three  days  after  the  fall  rains  started 
the  subgrade  was  found  to  contain  the  high  percentage 
of  moisture  indicated  in  this  diagiam.  It  is  to  be 
noted  that  more  than  five  months  during  the  summer 
of  1921  the  moisture  content  varied  less  than  5  per 
cent  although  frequent  rains  occurred.  At  the  pres- 
ent time  the  moisture  has  again  reached  a  high  figure 
but  the  increase  has  been  gradual. 

In  order  to  determine  the  possible  rate  of  satura- 
tion of  the  subgrade  from  the  edges  to  the  center,  in 
July  a  trench  was  cut  along  the  edge  of  the  pavement 
and  kept  filled  with  water  for  some  days.  At  first 
this  trench  was  cut  immediately  against  the  edge 
of  the  slab,  but  as  the  warping  of  the  pavement  due 
to  changes  in  temperature  (described  later),  immedi- 
ately permitted  sheets  of  water  to  flow  under  the  pave- 
ment it  was  impossible  to  obtain  the  desired  results. 
Later,  a  trench,  about  1  ft.  from  the  edge  of  the  pave- 
ment, was  cut  at  a  different  point,  leaving  the  .shoulder 
undisturbed  between  the  edge  of  the  trench  and  slab. 
This  trench  was  kept  filled  with  water  for  a  period 
of  three  weks.  Although  the  nearest  sampling  stations 
were  only  30  in.  from  the  edge  of  the  trench,  the 
moisture  content  of  the  subgrade  at  these  stations 
showed  no  increase  and  no  variation  from  that  at 
other  points  under  the  pavement. 

In  order  to  ascertain  whether  or  not  the  freezing  of 
soil  would  render  it  more  susceptible  to  saturation,  a 
number  of  blocks  of  the  subgrade  were  cut  out  very 
carefully  so  as  not  to  disturb  the  natural  compaction : 
then  frozen,  and  after  having  been  thawed  out  were 
immersed  in  water.  After  freezing  most  of  the  blocks 
fell  to  pieces  upon  immersion.  Samples  that  had  not 
been  frozen  remained  practically  intact  and  absorbed 
moisture  slowly.  The  samples  which  had  been  frozen 
and  then  immersed  in  water  absorbed  moisture  at  a 
much  more  rapid  rate.    Typical  of  these  experiments. 


four  blocks,  when  taken  from  the  subgrade  showed  an 
average  moisture  content  of  28% ;  after  immersion  for 
20  hours,  the  moisture  content  was  increased  to  33% 
or  an  increase  of  5%.  Another  set  of  four  blocks,  hav- 
ing the  same  initial  moisture  content,  after  having 
been  frozen  for  6  hours  and  then  immersed  in  water 
for  24  hours,  showed  an  average  mois-ture  content  of 
42%  or  an  increase  of  14%.  From  the  results  of  these 
tests,  it  seems  altogether  probable  that  although  a  clay 
subgrade  may  resist,  markedly,  saturation  from  an 
occasional  rainfall,  yet  the  same  soil  may  quickly  be- 
come saturated  after  a  freeze.  An  examination  of 
the  curve  Fig.  1  shows  further  that  althougli  the  mois- 
ture content  has  not  increased  rapidly,  yet  a  high  de- 
gree of  satiiration  has  again  been  reached,  although 
we  have  had  no  freezing  weather. 

Subgrade  Bearing  Power 

Much  time  has  been  spent  in  an  effort  to  ascertain 
the  factor  having  influence  on  the  supporting  capacity 
of  subgrade  soils.     Believing  that  soils  might  behave 
differently  under  repeated  loads  as  compared  with  loads 
applied  but  once,  an  apparatus  was  devised  and  per- 
fected, by  means  of  which  loads  up  to  50  lb.  per  square 
inch  could  be  repeated  indefinitely  on  subgrade  soils 
iu  place.     This  apparatus  was  briefly  described  m  an 
article  which  appeared  in  Public  Roads,  Volume  4, 
No.  5.     The  results  of  its  use,  up  to  the  present  time, 
have  not  been  entirely  satisfactory  owing  to  the  ap- 
parent difficulty  in  securing  a  perfect  contact  of  the 
shoe  with  the  subgrade  soil  before  a  load  is  applied. 
No  means  yet  tried  have  eliminated  an  initial  deforma- 
tion under  a  light  load  comparatively  much  greater 
than  tliat  obtained  under  the  .same  load  on  subsequent 
applications.       However,    the    use    of    this    apparatus 
points  strongly  towards  the  conclusion  that  a  soil,  hav- 
ing a  given  moisture  content,  may  under  repeated  loads 
have  a  fairly  definite  elastic  limit.     For  example,  on  a 
clay  soil  subgrade  a  load  of  5  lb.  per  square  inch  was 
applied  approximately  1,000  times.     After  the  initial 
deformation,  caused  by  the  first  few  applications  of 
the  load,  subsequent  applications  produced  a  definite 
deformation  under  each  repetition  with  complete  re- 
covery as  the  load  was  released.    The  load  was  then 
increased  to  25  lb.  per  square  inch  with  the   result 
tliat  progressive  deformation  continued  until  a  total 
penetration  of  0.25  in.  occurred  when  the  test  was  dis- 
continued.    The  general  behavior  of  subgrade  soils  as 
determined  on  small  areas  by  this  machine  was  closely 
confirmed  by  loading  concrete  slabs  having  areas  of 
several    square   feet,   which    were    cast    on    the    same 
subgrade.      These   slabs  were   loaded   repeatedly   by 
means  of  an  hydraulic  jack.     Even  in  the  case  of  these 
slabs  whicli  were  presumably  in  perfect  contact  with 
an   undisturbed  subgrade   the   first   few    light   loads 
caused  permanent  depressions.     In  this  connection  it 
should  be  understood,  however,  that  different  points  on 
the  same  subgrade  .toU,  although  having  the  same  mois- 
ture  content,  did  not  exhibit   uniform   results.     This 
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perhaps  is  partially  due  to  lack  of  perfect  contact  be- 
tween the  loaded  shoe  and  the  subgrade;  but  most 
likely  to  inequalities  in  the  compaction  of  the  subgrade 
soil.  It  remains  to  be  determined  whether  or  not  a 
subgrade  soil  at  all  seasons  of  the  year,  or  at  seasons 
when  the  greatest  degree  of  saturation  prevails,  may 
be  counted  upon  to  exhibit  elastic  resistance  to  def- 
ormation when  subjected  to  pressures  as  great  as 
the  lowest  that  may  practically  be  obtained  with  eco- 
nomic pavement  designs.  It  is  certain  that  this  re- 
sistance for  the  Illinois  Corn  Belt  soil  containing  at 
times  40%  moisture  is  very  low — probably  less  than  1 
lb.  per  square  incli.  For  the  good  of  the  cause  we 
hope  this  condition  is  peculiar  to  Illinois  but  we  doubt 
it. 

Comparatively  little  work  has  been  done  on  soils 
other  than  the  brown  silt  loam  of  the  Mississippi  Val- 
ley Corn  Belt.  A  number  of  observations,  however, 
on  a  very  finely  divided  sandy  soil  shows  the  same 
general  characteristics  with  no  marked  variation  either 
as  regards  bearing  power  or  saturation  tendencies;  but 
this  soil  contains  a  considerable  portion  of  clay  and 
might  be  expected  to  exhibit  materially  different  char- 
acteristics from  coarse  and  clean  sand  or  gravel. 

Efforts  have  been  made  to  determine  the  bearing 
capacity  of  subgrade  soils  in  place  when  highly  satur- 
ated ;  but  inasmuch  as  the  bearing  power  determinator 
was  not  perfected  until  the  moisture  content  of  all  sub- 
grades  available  had  dropped  below  35%  and  as  at- 
tempts at  artificial  saturation  of  the  soils  in  place  fail- 
ed, no  material  results  Jiave  been  obtained  up  to  the 
present  time.  As  the  Bates  ROad  moisture  curve  in- 
dicates that  Illinois  is  again  about  saturated  we  now 
liope  to  obtain  the  desired  information. 

Subgrade  Uniformity 

There  were  installed  in  the  Bates  Itoad  many  sub- 
grade  cylinders  each  liaving  a  brass  disk  in  contact 
with  the  subgrade,  and  a  reference  plug  screwed  in 
the  cylinder  in  such  a  manner  that  measiirements  taken 
from  the  plug  to  the  brass  disk  would  show  the  rela- 
tive position  of  the  subgrade  and  the  pavement  slab  a^t 
any  time.  (For  detailed  description,  see  Public  Roads, 
Vol.  4,  No.  5.)  Throughout  the  year  readings  have 
been  taken  once  each  week.  The  results  of  these  ob- 
servations are  of  considerable  interest.  They  show 
distinctly  a  periodic  separation  of  the  pavement  slab 
and  the  subgrade  due  to  warping  of  the  slab  under 
temperature  changes  which  will  be  described  later 
They  show,  also,  to  a  very  marked  extent  erratic  vari- 
ations due  in  all  probability  to  uneven  settlements  of 
the  subgrade.  Some  of  these  brass  di.sks  show  a  sepa- 
ration of  the  slab  and  the  subgrade  as  much  as  ^  in. 
over  areas  of  considerable  magnitude.  Just  how  far 
these  areas  extend  it  is  impossible  to  determine,  as  the 
spacing  of  the  cylinders  is  not  close  enough.  At  prac- 
tically all  of  the  observation  cylinders,  a  separation  of 
the  subgrade  and  the  slab  has  occurred  at  one  time  or 
anothei-.     This  separation  by  no  means  can  be  entirely 


accounted  for  by  the  warping  of  the  slab.  The  erratic 
movement  of  the  brass  disks  relative  to  the  slab  would 
lead  us  to  believe  that  not  only  is  the  slab  itself  con- 
stantly warping,  but  that  the  subgrade  also,  is  not 
stable  even  although  there  be  no  traffic  on  the  road. 
As  the  moisture  content  of  the  subgrade  was  fairly 
uniform  for  several  months  it  seems  hardly  likely  that 
this  is  due  entirely  to  a  changing  moisture  condition. 
It  may  be  due  to  changes  of  temperature ;  but  it  would 
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FIG.    1 — ^SUBGRADE    MOISTURE    INDICATIONS 

seem  more  probable  that  the  operations  of  grading, 
plowing,  harrowing  and  rerolling  the  subgrade  did  not 
pi'oduce  a  uniform  compaction.  No  doubt  voids  re- 
mained after  harrowing  and  rolling;  and  the  slacking 
or  breaking  down  of  the  soil  in  a  non-uniform  manner 
under  different  portions  of  the  pavement  probably  ac- 
counts for  a  large  portion  of  the  erratic  subgrade  move- 
ment. In  this  connection,  methods  used  in  preparing 
the  subgrade  may  be  of  interest.  No  heavy  grades 
occur  throughout  the  2-mi.  section;  the  deepest  fill  is 
about  2  ft.  and  deepest  cut  about  18  in.  After  the 
rough  grading  was  done,  the  entire  subgrade  was 
plowed,  harrowed,  rolled  and  wetted  the  day  before 
the  pavement  was  laid.  It  is  not  believed  that  any 
economically  practical  method  of  compacting  a  sub- 
grade  may  be  applied  with  reasonable  economy  to  se- 
cure absolutely  uniform  results. 

Frost  Action 

Observations  of  frost  heaving  on  the  Bates  Road 
were  made  during  the  winter  of  1920-1921.  After 
these  observations  were  started,  only  one  period  of  low 
temperature  occurred,  at  which  time  the  ground  be- 
came frozen  in  the  open  fields  and  the  shoulders  of 
the  road  to  a  depth  of  about  eight  inches.  Precise 
levels  taken  from  bench  marks,  carefully  protected 
from  frost  action,  showed  a  heaving  or  lifting  of  the 
edges  of  the  slab  throughout  the  entire  length  of  the 
road,  at  a  mucli  more  rapid  rate  than  at  the  center. 
On  sections  where  a  longitudinal  joint  was  provided, 
the  edges  of  the  pavement  slabs  lifted  on  an  average 
of  about  ^  in.,  while  during  the  same  period  the  center 
lifted  but  an  average  of  about  14  in.  -Many  sections 
not  provided  with  longitudinal  joints  showed  approxi- 
mately the  same  belmvior.  All  such  sections  when  ex- 
amined in  tlie  spring  were  found  to  be  cracked  longi- 
tudinally. A  few  sections  lifted  at  the  edges  about 
^  in.  and  at  the  center  about  yi  in. ;  these  sections 
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showed  no  discernible  longitudinal  cracks  when  ex- 
amined in  the  spring.  As  no  loads  were  permitted  on 
the  road  during  tl>is  period,  it  is  evident  that  the  longi- 
tudinal cracks  were  caused  by  the  breaking  of  the  slab 
under  dead  load  while  supported  at  or  near  the  edges 
only.  If  the  hea\-ing  of  the  soil  due  to  freezing  is 
oniversally  more  rapid  under  the  edges  of  the  pave- 
ment than  elsewhere,  it  would  appear  impossible  to 
avoid  the  longitudinal  breaking  of  wide  slabs,  where 
freezing  temperatures  occur,  especially  under  heavy 
trafSc.  Mathematical  analyses  indicate  that  it  is  likely 
to  be  economically  impracticable  to  design  wide  slabs 
of  sufficient  strength  to  avoid  breaking  longitudinally 
when  the  edges  only  are  supported ;  hence  the  present 
Illinois  design  provides  for  a  longitudinal  joint  that  in 
order  that  erratic  longitudinal  cracks  may  be  avoided 
as  far  as  possible. 

Temperature  Effects 

The  lateral  and  longitudinal  expansion  of  a  pave- 
ment slab,  due  to  temperature  and  moisture  changes, 
is  well  appreciated.  It  is  doubtful  if  lateral  contrac- 
tion Or  expansion  is  responsible  for  longitudinal  tracks. 
It  is  more  probable  tliat  such  cracks  are  due  to  freez- 
ing subgrades  or  perhaps  to  conditions  of  support 
caused  by  the  warping  of  the  slab.  It  seems  altogether 
likely  that  contraction  due  to  temperature  or  moisture 
changes  accounts  for  at  least  the  first  transverse  cracks 
that  appear  in  all  concrete  slabs. 

In  the  fall  of  1920  while  attempting  to  take  strain 
gauge  and  deflection  measurements  on  concrete  slabs 
under  load,  the  results  obtained  at  first  were  so  erratic 
as  to  be  useless  unless  the  cause  for  the  erratic  be- 
havior could  be  determined.  "We  undertook  one  series 
of  tests  to  determine  whether  or  not  the  subgrade 
under  a  comer  of  a  slab  would  be  compressed  under 
repeated  loads  to  such  an  extent  as  to  afford  no  definite 
support  to  the  pavement.    With  the  apparatus  at  hand 
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it  was  impo.S8ible  to  repeat  the  loads  rapidly  and  in 
order  to  avoid  possible  subgrade  recovery  during  peri- 
ods of  rest,  the  loads  were  repeated  continuously  for 
periods  of  48  hours.  It  was  then  discovered  by  an 
examination  of  the  results  that  at  night  the  slab  comer 
under  load  might  be  at  a  higher  elevation  than  the 
unloaded  comer  during  the  day.  We  have  no  knowl- 
edge of  any  previously  conducted  research  work  in- 
dicative of  this  important  feature. 


Fig.  2  shows  the  air  temperature,  and  the  vertical 
movement  of  the  corner  of  a  9-in.  plain  concrete  slab 
loaded  and  unloaded.  Tliis  diagram  is  typical  of  sev- 
eral hundred  all  of  which  show  the, same  characteris- 
tics. Hourly  elevation  readings  to  thousandths  of  an 
inch  were  taken  by  means  of  Ames  dials.  The  6,000-lb. 
load  was  applied  to  the  corner  for  3  mi.  each  hour. 
Under  this  load  the  computed  fibre  stress  in  the  slab 
was  220  lb.  per  square  inch.  Note  that  for  about  two- 
thirds  of  the  54-hour  period  the  3-ton  load  did  not 
depress  the  corner  of  its  unloaded  afternoon  position. 
It  is  obvioiis  that  the  subgrade  offered  but  little  if 
any  support  for  two-thirds  of  the  time. 

Fig.  3  shows  the  curvatiire  of  a  7-in.  slab  on  a  line 
bisecting  tlie  corner  angle.     The  upper  solid  line  in  dia- 
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FIG.    3 — CURVATURE    OF  7-IN.   SLAB 

gi'am  A  shows  the  upward  Avarped  position  of  the  sur- 
face of  the  slab  along  a  40  degree  line  from  the  corner 
to  the  center  of  the  pavement.  The  upper  dashed  line 
shows  the  position  of  the  slab  while  a  load  of  6,000  lb. 
was  applied  on  an  area  of  2  sq.  in.  at  the  comer.  The 
lower  solid  line  shows  the  position  of  the  unloaded  slab 
at  the  point  of  maximum  downward  deflection.  The 
lower  dashed  line  shows  the  position  of  the  slab  under 
the  6,000  lb.  load  when  applied  during  the  day.  It  is 
obvious  that  the  slab  corner  acted  purely  as  a  canti- 
lever in  supporting  the  night  load.  It  is  also  obvious 
that,  as  the  increased  deflection  was  not  as  great  when 
the  load  was  applied  during  the  day  as  when  applied 
at  night,  subgrade  support  had  some  influence  on  the 
amount  of  deflection.  The  compixted  fibre  stress  of 
the  concrete,  considering  the  corner  as  a  cantilever 
under  the  night  load,  amounts  to  368  lb.  per  square 
inch  which  is  certainly  not  too  low  for  the  working 
stress  of  plain  concrete.  It  is  obvious  that  a  much 
greater  load  with  a  correspondingly  high  fibre  stresf 
v/ould  be  required  to  deflect  the  corner  to  contract  ■ 
with  the  subgrade  at  night. 

Diagram  B,  Fig.  3,  shows  the  effect  under  similar 
conditions  of  a  longitudinal  crack  or  joint.  In  such 
cases  it  is  evident  that  the  warping  effect  does  not 
ordinarily  pivot  about  the  center  of  the  full  width  of 
the  slab,  but  probably  approximately  about  the  center 
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of  the  half  slab  as  defined  by  the  longitudinal  joint. 
It  is  of  interest  to  note,  however,  that  even  in  this  case 
the  upward  warping  of  the  slab  due  to  temperature 
effects  was  greater  than  the  downward  deflection  of 
the  slab  under  the  6,000  lb.  load  producing  a  fibre 
stress  of  368  lb.  per  square  inch. 

That  curling  of  the  edges  of  an  18- ft.  concrete  slab 
may  be  sufficient  to  render  the  most  perfect  of  sub- 
grades  ineffective  under  the  edges  of  the  slab  may 
readily  be  determined  without  the  aid  of  accurate 
measuring  devices.  To  visualize  this  condition  the  ac- 
companying photogi*aphs  were  made. 

Photograph  4-A  shows  the  edge  of  an  8-in.  pave- 
ment slab  and  the  subgrade  below.  The  white  card 
on  the  left  is  rigidly  attached  to  the  slab.  The  card 
at  the  right  is  fixed  to  the  subgrade  at  some  distance 
below  the  base  of  the  pavement.  The  black  line  was 
drawn  across  the  two  cards  at  midday  while  the  sun 
was  shining.  Photograph  4-B,  taken  at  midnight, 
shows  a  distinct  crack  in  tlie  earth  subgrade  a  short 
distance  below  the  bottom  of  the  pavement ;  and  shows 


4-A 


4-B 


the  offset  in  the  line  caused  by  the  upward  movement 
of  the  slab.  A  load  of  four  tons  on  the  edge  of  the 
pavement  failed  to  close  the  offset  or  the  visible  crack 
in  the  subgrade. 

By  means  of  the  brass  disks  of  subgrade  cylinders 
located  in  a  row  across  the  pavement  slab,  the  rela- 
tive movement  of  the  slab  and  the  subgrade  was  con- 
firmed. In  many  cases  these  measurements  indicated 
positively  that  the  downward  eurling'  of  the  edges  dur- 


ing the  day  lifts  the  center  of  an  unbroken  slab  en- 
tirely free  from  the  subgrade  near  the  center.  They 
indicate  also  a  permanent  depression  of  the  subgrade 
at  the  edges  of  the  pavement  under  this  condition,  al- 
though a  partial  recovery  occurs  as  the  edges  curl  up 
at  night.  The  warping  phenomenon  is,  of  course, 
caused  by  the  more  rapid  heating  and  cooling  and  con- 
sequent expansion  and  contraction  of  the  upper  layers 
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FIG.   5 

of  the  slab.  The  warping  effect  occurs  much  more 
rapidly  on  clear,  sunny  days  than  when  the  sky  is  ob- 
scured by  clouds.  On  sunny  days  the  effect  of  passing 
clouds  may  be  noticed  in  the  reading  of  Ames  dials  set 
for  these  observations.  Wetting  the  surface  of  the 
pavement  has  a  similar  effect.  Monolithic  brick  pave- 
ments exhibit  practically  the  same  degree  of  wai-ping 
as  concrete  slabs.  The  eft'ect  is  much  reduced  when  a 
bituminous  concrete  surface  is  applied,  as  might  be  ex- 
pected. It  is  similarly  reduced  when  a  brick  wearing 
surface  having  a  bituminous  joint-filler  is  used  on  a 
concrete  base.  Pig.  5  shows  the  edge  movement  of 
various  slabs.  All  readings  were  taken  practically  si- 
multaneously for  24  hours. 

Special  attention  is  called  to  the  slight  warping  of 
slabs  having  plastic  surfacing  materials  of  considerable 
thickness.  Such  surfacings  no  doubt  tend  greatly  to 
reduce  the  ordinary  range  of  temperature  between  the 
upper  and  lower  surfaces  of  the  rigid  base,  thus  ma- 
terially diminishing  the  warping  of  the  slab.  Under 
load,  pavements  of  this  character  woiild  no  doubt  re- 
ceive material  support  from  rigid  subgrades  or  sub- 
grades  having  a  high  elastic  resistance,  even  under 
night  traffic.  The  fact  that  clay  subgrades  are  more 
than  likely  to  become  saturated  at  times,  and  when 
in  such  condition  have  very  low  supporting  power, 
should  not  be  overlooked. 

Attention  is  also  called  to  the  comparatively  small 
warping  of  the  concrete  slab  having  a  longitudinal 
joint.  Pavements  so  constructed  may  also  be  ex- 
pected to  receive  some  edge  support  from  good  sub- 
grades  under  night  as  well  as  day  traffic. 

It  is  evident  that  the  warping  of  rigid  slabs  away 
from  the  subgrade  provides  open  channels  for  the 
free  passage  of  surface  water  to  all  parts  of  the  sub- 
grade.    Not  only  was  this  in  evidence  when  the  ditch, 
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mentioned  before,  was  vut  along  tlie  edge  of  the  pave- 
ment but  was  observed  many  times  during  the  last 
twelve  months.  Throughout  the  year  with  distressing 
regularity,  free  water  was  found  in  the.  subgrade  cyl- 
inders after  heavy  rains.  Furtlier.  our  latest  observa- 
tions indicate  even  greater  warping  effects  during  the 
coldest  weather  that  has  prevailed  this  fall  than  ap- 
peared in  July  and  August. 

It  .seems  entirely  possible  that  water  from  rains  or 
melting  snow,  tliat  finds  its  way  under  the  edges  of 
1  slab  as  it  curls  up  in  the  early  part  of  the  nigiit, 
later  freezes,  thus  forming  a  higlier  support  for  the 
edges  and  causes  an  excessive  lifting  of  the  entire 
slab  the  next  day  unless  it  breaks  longitudinally  under 
its  own  weight. 

It  also  seems  probable  that  the  formation  of  ice  un- 
der the  Mges  at  night  and  under  the  middle  portion 
during  the  day  is  a  more  reasonable  explanation  of  the 
presence  of  layers  of  ice  which  have  been  observed 
under  pavement  slabs,  than  tlie  theory  of  capillary 
action. 

Impact 
Specifieations  of  the  Illinois  Division  of  Highways 
pro\'ide  that  the  variation  of  the  elevation  of  the  sur- 
face of  concrete  pavements  shall  not  exceed  1/4  i'l-  Some 
difficulty  has  been  encountered  in  securing  this  de- 
gree of  smoothness  especially  on  grades  of  more  than 
two  or  three  per  cent  and  on  curves.  However,  the 
variations  are  not  abrupt  and  a  constant  improve- 
ment is  being  obtained.  It  is  believed  that  the  above 
variation  may  be  reduced  materially  by  more  careful 
construction  methods,  perhaps  aided  by  hitherto  un- 
tried equipment.  By  careful  maintenance  methods  it  is 
believed  that  the  application  of  crack  filler  can  easily 
be  handled  in  such  manner  as  to  avoid  any  material 
differences  in  elevation  from  this  source.  We  have  as 
yet  not  attempted  to  devise  an  accurate  means  for 
determining  the  value  of  impact  on  average  road  sur- 
faces. We  do  have  some  data  whicii  may  be  taken  to 
indicate  that  po.s.sibly  this  matter,  is  not  of  extreme  im- 
portance— for  example,  Ames  dials  have  been  placed 
80  as  to  read  deflections  of  the  pavement  slab,  these 
dials  being  carried  on  independent  supports.  Trucks 
have  been  operated  past  these  dials  at  sp<'e(ls  up  to 
20  mi.  per  hour;  the  trucks  were  directed  so  that  the 
rear  wheels  would  pa.ss  as  close  to  the  dials  as  possible. 
During  the  approach  and  passage  of  the  load,  the  hand 
on  the  dial  was  observed  very  carefully.  These  in- 
vestigations were  carried  out  on  uncracked  pavement 
sections  of  ordinary  smoothness,  adjacent  to  cracks 
having  the  usual  jointfiUer,  adjacent  to  open  joints, 
etc.,  yet  no  movement  of  the  hand  of  the  dial  has  been 
observed  which  would  indicate  more  than  a  gradual 
and  steady  application  and  release  of  the  load  as  the 
track  passed.  It  is  possible  that  sudden  movements 
occurred  which  were  not  observed ;  but  this  seems  un- 
likely as  a  blow  of  a  sledge  could  easily  be  detected. 
Further,  in  the  machine  devised  to  determine  the  effect 


of  repeated  loads  on  plain  concrete  beams  each  repeti- 
tion of  the  load  occupies  one-tenth  of  a  second.  In 
this  case  the  tlellection  of  the  beam,  as  shown  by  the 
haiul  of  an  Ames  dial,  is  easily  distinguished  and  its 
magnitude  can  accurately  be  determined.  These  ob- 
sei-vations  are  of  course  but  indications  of  what  may 
occur  but  point  to  the  prime  importance  of  the  develop- 
ment of  some  means  for  conclusively  setting  at  rest  all 
doubts  as  to  impact  effects  caused  by  roughness  of  the 
average  pavement  slab  as  now  constructed. 

All  Cracks  Not  Serious 
It  may  be  assumed  that  a  pavement  need  not  be  so 
designed  as  to  avoid  all  possible  cracks  or  even  all 
load  breaks.  Tlie  usefulness  of  a  pavement  is  de- 
stroyed only  Avhen  it  becomes  so  broken  or  disin- 
tegi'ated  that  it  no  longer  affoi'ds  a  smooth  and  com- 
paratively unyielding  surface.  Transvei-se  cracks  or 
joints  in  rigid  pavement  slabs  may  be  accepted  as  in- 
evitable. Illinois  for  about  six  years  has  not  provided 
for  transverse  joints;  yet  possibly  with  the  exception 
of  a  few  roads  carrying  very  heavy  trucks  and  in  one 
unexplained  instance,  ti'ansverse  cracks  do  not  average 
less  than  about  30'  ft.  apart.  This  average  covers 
pavements  more  than  three  years  old.  On  ti^^o 
stretches  of  concrete  road  in  Cook  County  subjected  to 
very  heavy,  truck  traffic,  transverse  cracks  are  much 
more  frequent  regardless  of  the  character  of  the  sub- 
grade  soil  or  drainage,  and  longitudinal  cracks  occur 
throughout.  It  seems  quite  possible  that  the  frequency 
of  the  cracks  in  these  sections  may  be  due  to  the  ex- 
istence at  one  time  or  another  of  comparatively  large 
areas  where  the  subgrade  Avas  not  in  contact  with  the 
road  slab,  as  was  found  in  tlie  case  of  the  Bates  Road, 
and  represent  long  breaks.  These  sections,  however, 
although  they  are  in  the  main  broken  up  into  pieces 
of  from  three  or  four  to  perhaps  60  square  yards  in 
area,  are  still  rendering  practically  unimpaired  service 
to  traffic.  While  the  breaking  of  the  pavement  into 
slabs  of  large  area  may  be  detrimental  only  on  account 
of  appearance  and  slightly  increased  maintenance  costs 
yet  the  breaking  down  and  pulverizing  of  compara 
tively  small  areas  at  corners  and  the  consequent  recon- 
struction at  these  places  causes  serious  traffic  delays 
as  well  as  expense.  Complete  destruction  as  observed 
in  Cook  County  is  usually  confined  to  a  few  square 
feet  or  at  the  most  two  or  three  square  yards  and 
only  occasionally  do  such  breaks  occur  except  along 
the  edge  of  the  pavement  at  corners.  The  exceptions 
so  far  noted  occurred  at  the  intersection  of  a  transverse 
crack    with    a    widely   separated    longitudinal    crack. 

Allowable  Stress  in  Plain  Concrete 
Whatever  design  formulae  are  eventually  developed, 
it  becomes  of  great  importance  to  determine  what  may 
be  a  safe  working  load  for  plain  concrete  in  tension. 
An  apparatus  was  outlined  by  the  writer  and  built 
in  accordance  with  designs  made  by  Mr.  Clemmer, 
our  testing  engineer,  for  determining  the  effect  of  re- 
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peated  loads  oii  the  transverse  strength  of  plain  co-.i- 
crete  beams.  This  apparatus  consists  of  a  pair  of  auto- 
mobile wheels  carried  on  a  horizontal  axle  wliich  are 
revolved  around  a  circular  track  by  means  of  a  ver- 
tical shaft  carrying  a  pulley  operated  by  a  belt  from 
a  motor.  Load  boxes  are  placed  on  the  axles  so  that 
the  weight  carried  by  the  wheels  may  be  varied  as 
desired.  Test  specimens  consist  of  6  in.  x  6  in.  plain 
concrete  beams,  radiating  as  the  spokes  of  a  wheel  and 
cantilevered  from  a  central  support.  Between  the 
beams,  but  separated  therefrom  by  one-eighth  inch 
openings,  are  blocks  of  concrete  flush  with  the  beams 
so  that  a  smooth  track  is  provided  for  tlie  passage 
of  the  wheels.  Seven  beams  are  placed  in  the  machine 
for  each  test.  The  apparatus  is  so  arranged  that  when 
any  beam  breaks  a  switch  is  thrown  and  the  motor 
stopped.  By  this  means  the  fatigue  machine  may  be 
operated  day  and  night  regardless  of  the  presence 
of  the  observer.  This  apparatus  provides  also  the  ad- 
vantage of  having  beam  ends  of  sufficient  length,  after 
rupture  in  the  fatigue  machine  for  modulus  of  rup- 
ture determinations  in  a  Universal  testing  machine. 
As  the  beams  invariably  break  over  the  support,  the 
length  of  the  cantilever  end  is  sufficient  to  make  two 
modulus  of  rupture  determinations  on  span  lengths  of 
12  in.  This  is  of  importance,  as  the  determination  of 
modidus  of  rupture  of  similar  beams,  presumably  of 
the  same  character  as  those  subjected  to  repeated  loads, 
is  by  no  means  a  safe  guide  as  to  the  strength  of  the 
beams  subjected  to  the  repeated  loads. 

The  first  set  of  beams  were  subjected  to  more  than 
1,130,000  repetitions  of  a  load  which  was  presumed 
to  be  75%  of  modulus  of  rupture  of  the  concrete  but 
which  later  proved  to  be  but  about  37%.  As  none 
of  the  beams  failed,  the  load  was  increased  to  aboiit 
53%  when  one  beam  broke  at  43,174  loads;  it  was 
then  found  that  the  modulus  of  rupture  of  this  beam 
•was  about  1,000  lb.  per  square  inch.  Anothci-  inter- 
esting fact  that  developed  was  that  five  other  beams  of 
the  same  mix,  and  cast  at  the  same  time  as  the  original 
seven,  broke  under  an  average  of  60,000  repetitions 
of  the  same  load  when  placed  in  the  space  left  vacant 
by  the  breaking  of  the  first  beam  of  the  original  seven 
while  the  remaining  original  beams  remained  unbroken 
under  214,000  applications  of  this  load.  The  load  was 
then  increased  to  about  60%,  when  all  but  one  broke 
at  an  average  of  about  40,000  loads.  This  would  in- 
dicate the  possibility  that  a  large  number  of  repeti- 
tions of  a  light  load  may  have  a  beneficial  effect  on 
the  transverse  strength  of  plain  concrete. 

Two  additional  sets  of  beams  have  been  broken, 
12  beams  in  each  set.  In  order  to  avoid  the  possibility 
of  the  effect  of  initial  light  loads,  before  the  machine 
was  started  two  beams  cast  at  the  same  time  were 
placed  in  the  testing  machine  and  modulus  of  rupture 
determined.  The  load  on  the  wheels  for  the  first  ad- 
ditional set  was  then  proportioned  to  approximately 
seventy  per  cent  of  the  modulus  of  rupture.    Under  this 


load  all  of  the  new  set  of  beams  broke  under  rep- 
etitions varying  from  a  few^  hundred  to  a  few  thousand 
applications. 

An  additional  set  of  12  beams  is  now  being  tested 
with  a  load  on  the  wheels  which  will  give  a  stress 
approximately  equal  to  60%  of  the  modulus  of  rup- 
ture. This  set  of  beams  is  carrying  a  considerably 
higher  number  of  repetitions  than  was  the  ease  where 
beams  were  loaded  70%  of  modulus  of  rupture.  They 
are,  however,  breaking  under  number  of  repetitions 
much  less  than  might  be  expected  during  a  year's  time 
on  a  road  slab  carrying  traffic  of  considerable  intensity. 
From  the  behavior  of  the  second  and  third  sets  of 
beams  there  is  good  reason  to  suppose  that  the  percent 
of  the  ultimate  load  that  may  be  applied  indefinitely 
may  be  affected  materially  by  the  age  of  the  beams 
when  first  subjected  to  repeated  loads.  The  tests  now 
under  way,  therefore,  are  all  being  made  on  beams 
28  days  old  when  placed  in  the  machine.  From  the 
results  so  far  obtained  it  would  seem  probable  that 
plain  concrete  in  transverse  bending  may  be  able  to 
withstand  an  indefinite  number  of  repeated  loads  pro- 
vided tlie  .stress  is  something  less  than  60%  of  the 
modulus  of  rupture.  We  hope  soon  to  be  able  to  say 
what  a  safe  value  for  this  per  cent  should  be.  The 
fatigue  machine  is  shown  in  the  illustration  on  the 
front  cover. 

Position  of  Loads  for  Maximum  Stresses 
Fig.  6  indicates  conditions  wltich  may  apply  along 
the  edges  of  a  pavement  slab.  Diagram  A  represents 
the  deflection  readings  of  an  Ames  dial  placed  at  the 
edge  of  the  pavement  during  the  passage  of  a  4-ton 
wheel  load  along  the  edge  of  the  .slab  as  close  to  the 
dial  as  feasible.  Tlie  dial  in  this  case  was  placed  at 
some  distance  from  the  nearest  transverse  crack.  It 
is  of  interest  1o  note  tlie  shape  of  the  curve  showing 
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FIG.    6. — CURVES    (A)    AND    (B) 

the  deflection  of  the  edge  at  the  dial  as  the  wheel 
passed  and  the  total  amount  of  this  deflection.  Fig. 
6(b)  shows  the  curve  of  deflection  when  two  dials 
were  placed  on  the  corner  formed  by  a  transverse 
crack.  In  this  case  the  crack  was  very  fine,  the  ob- 
servations liaving  been  made  during  a  period  of  high 
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summer  temperature  when  the  slab  was  expanded  and 
apparently  all  cracks  closed  very  tightly.  Note  that 
the  total  deflection  is  much  greater  than  shown  in 
(a),  although  it  is  apparent  that  the  closed  <;rack  pre- 
vented each  corner  from  acting  independently.  Curve 
(c)  shows  a  similar  condition  in  which,  although  the 
crack  was  open,  short  dowel  bars  passed  across  it. 
Note  that  the  deflection  is  approximately  the  same  as 
that  which  occurred  at  tiie  closed  crack.  Curve  (d) 
shows  the  very  marked  effect  occasioned  by  an  open 
crack  or  joint  witli  no  dowel  bar  or  other  means  for 
causing  both  corners  to  act  together.  Deflections  of 
the  center  of  a  slab  under  load  were  too  small  to  be 
plotted  to  this  scale.    While  deflections  only  are  plot- 
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JRVES    (C)    AND    (D) 


ted  in  these  diagrams,  yet  strain  gauge  measurements 
show  the  some  proportionate  results.  As  stresses  are 
in  proportion  to  strains  the  position  of  loads  to  pro- 
duce maximum  slab  stresses  are  easily  apparent  from 
these  diagrams.  All  of  these  deflections  are  plotted 
from  observations  on  slabs  of  the  same  thickness  and 
taken  during  the  night  when  tiie  edges  of  the  pave- 
ment were  not  in  contact  with  the  sub  grade. 

The  advantage  of  providing  means  for  causing  ad- 
jacent corners  to  act  together  in  supporting  concen- 
trated loads  is  also  unmistakably  illustrated  by  Fig.  2. 
The  readings  from  which  these  corners  were  plotted 
were  taken  on  a  corner  formed  by  a  construction  joint 
entirely  open  to  the  subgrade  except  that  short  dowel 
bars  were  in  place  across  the  joint.  The  load  was  im- 
posed upon  the  corner  on  -which  these  deflections  were 
taken.  Note  that  during  the  first  night  while  the 
dowel  bars  were  in  place  the  maximum  deflection  un- 
der load  was  only  about  0.03  in.  The  dowel  bars  were 
cut  at  about  9  o'clock  the  next  night  with  the  result 
that  the  maximum  deflection  under  load  increased  to 
about  0.08  in. 

The  Design  of  Rigid  Pavements 

It  is  of  course  fundamental  tliat  in  order  that  any 
structure  may  rationally  be  designed  the  maximum 
loads  to  which  it  will  be  subjected  must  be  known. 
The  position  and  frequency  of  the  application  of  the 
loads  must  also  be  known  or  assumed  to  be  such  as 


to  produce  the  maximum  destructive  effect  on  the 
structure.  It  would  also  seem  to  be  of  prime  impor- 
tance that  the  actual  impact  factor  of  highway  wheel 
loads  on  pavements  constructed  as  smoothly  as  may  be 
practical  under  modern  methods  should  be  determined. 

Until  exhaustive  investigations  can  be  made  to  de- 
termine the  economic  truck  unit,  we  are  faced  with 
the  problem  of  controlling  niaxiniiuii  wheel  loads  by 
legislation  based  upon  arbitrary  judgment.  Tlie  Illi- 
nois law  provides  for  a  maximum  axle  load  of  16,000 
lb.  This  may  be  assumed  to  correspond  with  an  8,000 
lb.  wheel  load.  As  to  the  frequency  of  the  passage 
of  such  wheel  loads  over  pavement  slabs,  it  is  our 
observation  that  on  trunk  line  roads  in  tlie  near  future 
great  numbers  of  trucks,  loaded  to  the  limit  prescribed 
by  law,  may  be  expected.  Allowable  stresses  must  also 
be  fixed  and  the  subgrade  .support  duly  considered. 

In  the  light  of  what  we  believe  to  be  conclusive  evi- 
dence that  an  uncovered  rigid  slab  may  become  warped 
by  temperature  effects  so  that  it  will,  for  from  8  to  12 
liours  out  of  every  24,  be  completely  unsupported  along 
the  edges  by  even  the  best  of  subgrades,  and  consider- 
ing the  probability  that  at  least  on  clay  subgrades  at 
certain  seasons  of  the  year  the  soil  may  have  an  ex- 
ceedingly low  supporting  capacity,  and  further  con- 
sidering the  fact  that  during  the  period  of  greater  sub- 
grade  saturation  which  no  doubt  occurs  immediately 
upon  the  thawing  out  of  the  ground  in  the  spring  when 
low  temperatures  prevail,  the  cracks  are  open  to  the 
maximum  amount,  it  would  seem  that  to  resist  local 
breaks  it  is  necessary  to  design  the  corners  of  the 
pavement  as  unsupported  cantilevers.  Unbroken  edges 
are  far  less  susceptible  to  traffic  breaks  than  corners, 
as  is  clearly  illustrated  by  Figure  6. 

It  is  the  writer's  firm  belief  that  if  the  thickness 
of  the  pavement  be  designed  to  carry  the  maximum 
load  at  the  corners  in  accordance  with  the  formula 


d^K 


3W 
S 


which  formula  covers  conditions  at  unsupported  right- 
angled  corners,  the  remainder  of  the  pavement  will 
be  well  able  to  carry  the  same  load  without  breaks 
which  would  damage  its  usefulness  as  a  pavement 
surface. 

The  dei'ivation  of  this  formula  is  as  follows: 

Assume  load  W  applied  at  corner 

b=Moment  arm  to  section  A,  B 

Then  if  A,  B,  makes  a  45°  angle  with  the  edge  of 
tlic  slab  AB=2b  M=Wb 

S^allowable  tensile  stress 

I-=Movement  of  inertia  of   ^ 
stressed  sectio^i=^^ 

C^f 
Substituting  these  values 

S==-^  reduces  to 


S=^or 


d=l/'j^ 

'      8 
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If  means  could  be  found  to  make  both  corners  act  to- 
gether by  placing  longitudinal  shear  bars  along  the 
edges  of  the  pavement,  or  by  some  other  means  and 
the  corner  weakness  thus  be  reduced  by  one-half,  the 
design  formula 

d=  l/S^ 
'      s 

could  be  used  with  a  reasonable  degree  of  safety.  In 
order  that  all  possible  corners  might  be  taken  care  of, 
it  is  believed  that  the  position  of  the  longitudinal  crack 
should  be  controlled  by  constructing  a  longitudinal 
joint  and  adjacent  slabs  held  in  close  contact  by  trans- 
verse tie  bars.  The  interior  corners,  being  held  in  close 
contact  along  the  longitudinal  joint  by  the  transverse 
tie  bars,  should  be  fully  as  safe  as  the  edge  corners. 
The  shear  bars  along  the  edges  should  also  be  contin- 
uous in  order  to  take  care  of  corners  formed  by  trans- 
verse cracks  regardless  of  their  position. 

Fig.  7  shows  the  thickness  of  slab  required  if  de- 
signed in  accordance  with  the  formulas  heretofore 
given,  assuming  a  safe  working  stress  for  1 :2 :3j^  con- 
crete in  tension  of  200  lb.  per  square  inch.  The  upper 
line  is  plotted  from  the  formula 

and  the  loAver  line  the  formula 

d=  t/i^^ 
'      s 

The  result  of  our  fatigue  tests  although  not  yet  com- 
plete seems  to  indicate  that  a  working  stress  higher 
tlian  200  lb.  per  square  inch  may  be  safe  for  concrete 
of  the  quality  ordinarily  used  in  road  constmction. 
The  data  so  far  obtained  indicates  that  a  single  J4  iii- 
/4r 


-^^        5=       A       7        r       9        la      II        IX      73 

Wheel  load  in  thausdiKts  ofpovNtii 

FIG.   7. — REQUIRED   THICKNESS   OP  SLABS 
shear  bar  placed  along  each  edge  of  the   pavement 
may  not  be  100%  efficient  in  making  both  comers  act 
equally  under  a  load  applied  to  one  comer  only.  This 
may  be  due  to  tlie  use  of  a  heavy  coat  of  asphalt  on 


the  bar,  which  has  been  the  practice  up  to  date.  The 
yielding  of  this  more  or  less  plastic  coat  may  be  the 
principal  cause  of  this  trouble.  Experiments  are  un- 
der way  to  determine,  if  possible,  more  effective  means 
of  transmitting  one-half  of  the  load  across  the  crack. 

The  following  tests  bear  out  the  value  of  the  above 
formula  for  use  in  designing  concrete  slabs  to  resist 
comer  breaks. 

Example  1.  On  a  corner  formed  by  an  open  crack 
an  8,000  lb.  load  was  applied  repeatedly  by  means  of 
a  hydraulic  jack.  The  slab  was  6^  in.  thick,  1 :2 :3J^ 
mix,  and  about  1  year  old.  Fibre  stress  computed  by 
the  formula 

&=^ 
is  569  lb.  per  square  inch.     The  comer  broke  under  the 
76th  application  of  the  load.     The  subgrade  had  been 
removed  from  under  the  slab  after  the  30th  applica- 
tion. 

Example  2.  On  a  similar  corner  a  6,000  lb.  load  was 
applied  on  a  6^ -in.  slab  of  the  same  mix  and  age. 

Computed  fibre  stress  426  lb.  per  square  inch.  The 
62nd  load  broke  the  slab.  The  subgrade  was  a  sand 
loam  and  had  not  been  disturbed.  The  coi*ner  broke 
in  the  day  time  when  the  subgrade  support  should 
have  been  at  a  maximum. 

Example  3.  An  8,000  lb.  load  was  applied  in  the 
same  way  to  a  corner  formed  by  a  construction  joint. 
Short  %-in.  dowel  bars  were  in  place  across  the  other- 
wise open  joint.  Slab  thickness  41/4  in-,  mix  1.2:35^, 
age  about  6  months.  Fibre  .stress  computed  by  the 
formula 

o 1.5W 

is  666  lb.  per  square  inch.  The  corner  broke  at  night 
under  the  14th  application  of  the  load. 

By  means  of  the  same  outfit  the  behavior  of  several 
hundred  other  corners  subjected  to  less  than  breaking 
loads  have  been  observed.  Using  strain  gauge  read- 
ings as  a  measure  of  stresses  we  have  been  forced 
to  the  conclusion  that  under  average  conditions  ma- 
terial subgrade  support  to  corners  does  not  exist. 

The  Effect  of  Intensity  of  Traffic 

From  the  above  discussion,  it  is  evident  that  aside 
from  traffic  accommodation  considerations,  roadways 
of  a  width  such  that  under  normal  traffic  conditions 
frequent  turning  off  and  on  the  slab  by  heavy  trucks 
may  be  avoided,  are  much  to  be  desired. 

The  fatigue  experiments  above  referred  to  indicate 
clearly  that  the  life  of  a  concrete  ^lab  may  be  long  or 
short  depending,  upon  the  frequency  of  the  jiassage 
of  loads  great  enough  to  stress  the  concrete  up  to 
fity  per  cent  or  more  of  its  modulus  of  rupture.  For 
example,  our  fatigue  tests  show  that  a  few  thousand 
repetitions  of  loads  sufficient  to  stress  the  concrete 
up  to  sixty  per  cent  of  its  modulus  of  rupture  cause 
failure.  If  on  a  given  road  about  5,000  loads  sufficient 
to  stress  the  concrete  to  this  figure  occur  during  the 
first  month's  use,  the  slab  in  all  probability  would  fail 
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the  first  month.  If  the  same  number  of  equal  weight 
loads  should  not  occur  for  several  years  it  is  entirely 
possible  that  the  life  of  the  pavement  might  be  in- 
dttinite,  as  undoubtedly  the  modulus  of  rupture  would 
have  materially  increased. 

In  the  light  of  the  irtvestigations  showing  tlie  marked 
warping  of  concrete  and  monolithic  brick  jMivements, 
due  to  temperature  changes,  it  i^  the  writer's  judg- 
ment that  such  slabs  should  be  designed  for  a  corner 
strength  sufficient  to  reduce  the  fibre  stress  to  a  safe 
limit  regardless  of  the  character  of  the  subgrade.  It  is 
no  doubt  true  that  the  higher  the  supporting  power 


if  the  subgrade,  the  lower  will  be  the  fibre  stress  of 
the  slab  under  day  time  applications  of  load;  never- 
theless the  warping  of  the  edges  and  corners  upward 
at  night  is  so  great  that  the  best  of  subgrados  would 
be  of  little  value  in  reducing  the  slab  stress  under 
night  applications  of  maxinmm  loads.  Good  sub- 
grades  may  therefore  niateiially  prolong  the  life  of 
a  pavement  by  reducing  the  frequency  of  the  occur- 
rence of  load  breaks  would  be  merely  a  matter  of  the 
intensity  of  traffic  at  night  and  during  periods  when 
the  pavement  is  least  supported  by  the  subgrade  unless 
the  slab  is  designed  for  such  critical  conditions. 


Coordination  of  Highway  Interests 


By  WII>MAM  OKDt 


Cooperation  is  a  word  that  has  grown  to  have  a  very 
large  meaning  in  all  walks  of  life  in  recent  years.  For- 
merly "might  was  right,"  but  now  "the  greatest  good 
for  the  greatest  number"  is  the  foundation  of  most 
successful  institutions.  This  is  secured  by  cooperation, 
by  all  interests  working  together  for  a  common  bene- 
fit; and  is  in  contrast  to  the  principle  of  "Every  man 
for  himself,  and  the  devil  take  the  hindmost." 

Wherever  cooperation  has  been  intelligently  and 
faithfully  tried,  wherever  an  immediate,  selfish,  inter- 
est has  given  way  to  a  larger,  more  common  interest, 
it  has  been  proven  good.  It  takes  time  for  the  benefits 
of  cooperation  to  become  fully  manifest,  but  in  the 
long  run  it  always  pays.  This  has  proven  true  among 
nations,  among  states,  and  other  smaller  communities- 
It  has  proven  true  also  in  social  affairs  and  in,  what 
is  more  to  our  point,  business. 

It  is  not  necessary  to  discuss  at  length  the  merits  of 
cooperation  as  a  general  principle.  Books  have  been 
written  about  it,  telling  how  cooperation  has  worked. 
It  is  necessary  for  us  road  builders  all  to  get  together 
to  see  how  we  may  use  it  for  the  benefit  of  our  industry 
as  a  whole,  as  well  as  for  the  benefit  of  our  members 
individually. 

If  we  are  to  study  this  propasition  we  may  start 
by  asking  three  questions: 

1.  Who  are  definitely  the  parties  we  expect  to  co- 
operate t 

2.  What  benefits  are  we  to  seek,  or  may  we  expect, 
from  proper  eooperationt 

3.  How  are  we  going  to  promote  cooperation,  not 
only  tx)  get  over  the  idee,  but  to  get  constructive 
action  T 

Let  me  briefly  try  to  outline  the  answers  as  I  see 
them  now,  after  a  very  limited  amount  of  personal  ob- 
servation. There  are,  I  believe,  ten  parties,  or  inter- 
ests, who  all  have  more  or  less  to  do  directly  with  every 
road  that  is  built.    They  are — 

•Paper  presented  ?.t  Nineteenth  Annual  Convention  ot 
the  American   Road   BuilderB'  AsBociation. 

t.ManaBer.   Paving  D»pt.,  Lakewood  Engineering  Co. 


1-  The  people  as  a  whole,  including  the  taxpayers 
who  buy  the  roads,  and  the  vehicle  owners  wlio  use 
them. 

2.  The  legislators  wlio  make  the  laws  governing  the 
financing,  construction,  and  use  of  the  roads. 

3.  The  engineers  of  our  highway  departments  who 
locate  and  design  the  roads,  who  superintend  their 
construction,  and  later  are  charged  ^\'ith  their  main- 
tenance. 

4.  The  contractors,  who  perform  the  actual  construc- 
tion work. 

5.  Tlie  manufacturers  and  producers  who  supply  the 
necessary  materials  which  may  not  be  produced  local- 
ly by  the  contractor. 

6-  The  other  manufacturers,  who  furnish  the  tools 
and  machinery. 

7.  Tlic  railroads,  who  provide  the  transportation  of 
materials,  plant,  and  men. 

8.  The  bankers,  who  handle  the  moneys  passing 
among  all  the  other  parties. 

9.  Tlie  bonding  companies. 

10.  Labor. 

The  trade  press  is,  of  course,  to  be  considered  a  fac- 
tor in  the  industry-  The  work  it  does  is  highly  im- 
portant in  bringing  all  tlie  other  ten  parties  closer  to- 
gether, and  in  the  analyses  it  makes  of  the  problems 
of  eacli.  It  is  not,  however,  directly  responsible  for 
any  part  in  the  construction  of  any  one  road,  and  it 
is  proper,  I  believe,  to  omit  it  from  the  list  given. 

Our  industry,  at  least  of  its  present  magnitude,  is 
so  new  that  all  its  problems  have  been  difficult  to  clas- 
sify, to  say  nothing  of  their  difficulty  of  solution.  The 
war  served  to  complicate  many  issues  that  would  liave 
been  easy  to  analyze  in  normal  times.  It  may  be  said, 
however,  that  each  of  the  ten  parties  mentioned  above 
has  made  great  and  important  progress  in  its  own 
particular  branch  of  the  business.  There  has  been 
a  development  of  uniformity  in  road  laws.  Designs 
and  specifications  are  clearly  becoming  more  standard- 
(Continued  on  Page  162) 
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EXPERIMENTAL  WORK  IN  ILLINOIS 

Elsewhere  in  this  issue  is  printed  an  article  by  Clif- 
ford Older,  Chief  Highway  Engineer  of  Illinois,  de- 
scribing the  research  work  done  on  the  Bates  Experi- 
mental Eoad  in  that  state.  From  these  experiments 
Mr.  Older  draws  the  conclusion  that  concrete  slabs 
"siiould  be  designed  for  a  corner  strength  sufficient  to 
reduce  the  fibre  stress  to  a  safe  limit  regardless  of  the 
character  of  the  subgrade.  It  is  no  doubt  true  that 
the  higher  the  supporting  power  of  the  subgrade,  the 
lower  will  be  the  fibre  stress  of  the  slab  under  day 
time  application  of  the  load;  nevertheless  the  warping 
of  the  edges  and  corners  upward  at  night  is  so  great 
that  the  best  subgrades  would  be  of  little  value  in  re- 
ducing the  slab  stress  under  night  applications  of  max- 
imum loads." 

An  interesting  point  in  connection  with  the  experi- 
mental work  is  the  conclusion  of  Mr.  Older  that  "the 
fatigue  experiments  indicate  clearly  tliat  the  life  of  a 
concrete  slab  may  be  long  or  short,  depending  upon 
the  frequency  of  the  passage  of  loads  great  enough  to 
stress  the  concrete  up  to  fifty  per  cent  or  more  of  its 
modulus  of  rupture.  For  example,  our  fatigue  tests 
show  that  a  few  thousand  repetitions  of  loads  sufficient 
to  stress  the  concrete  to  this  figure  occur  during  the 
first  month 's  use,  the  slab  in  all  probability  would  fail 
the  first  month.  If  the  same  number  of  equal  weight 
loads  should  not  occur  for  several  years,  it  is  entirely 
possible  that  the  life  of  tlie  pavement  might  be  indefi- 
nite, as  undoubtedly  the  modulus  of  rupture  would 
have  materially  increased." 


HICJHWAY  SAFETY  INSTRUCTION 

Highway  fatalities  increase  each  year,  the  most  rapid 
rate  of  increase  being  the  cities,  where  there  is  con- 
gestion of  vehicular  and  pedestrian  traffic.  Some  cities, 
notably,  Detroit,  Mich.,  are  now  giving  instruction  in 
the  public  schools  to  educate  the  children  to  observe 
the  rules  of  safety  on  the  city  streets.  It  is  hoped 
that  the  time  will  soon  come  when  all  the  important 
cities  will  include  this  instruction  in  their  public 
schools. 

"I  think  that  if  it  is  possible  to  educate  chickens 
to  caution,  it  ought  to  be  possible  to  educate  human 
beings,"  said  George  M.  Graham  at  a  recent  dinner  of 
the  National  Automobile  Chamber  of  Commerce.  "I 
notice  the  chicken  is  becoming  very  cautious.  She  is 
learning  something,  and  I  say  'she'  advisedly,  for  I 
notice  that  the  chicken  that  gets  run  over  is  always 
a  hen. 

"The  rooster  stands  in  dignified  state  on  the  side  of 
the  road  and  grins  tolerantly,  while  the  flurried  hen 
tries  to  cross  back  and  forth  in  front  of  the  car  five 
times.  But  some  impulse  of  precaution  born  of  ma- 
ternal admonition  comes  to  the  mind  of  the  hen  today 
and  says,  'It  is  wisdom  to  stay  on  this  side  and  let  it 
go  by. ' 

"Now  if  hens,  with  their  limited  modicum  of  brains, 
can  be  trained  that  far  in  safety,  why  not  also  chil- 
dren? It  is  simply  a  case  of  carrying  the  message  to 
them." 


1922  WILL  BE  A  BIG  YEAR 

During  the  years  1919,  1920  and  1921  a  considerable 
amount  of  road  construction  was  done  in  this  country, 
yet  during  these  years  many  reactions  due  to  the  war 
were  in  operation,  such  as  the  shortage  of  labor,  inad- 
equate transportation  facilities  and  unfavorable  bond 
market.  Conditions  are  now  approaching  normalcy 
and  undoubtedly  1922  will  be  a  banner  road  building 
year.  Labor  is  plentiful,  material  costs  have  receded. 
Congress  has  appropriated  federal  aid  funds  for  the 
current  year,  many  state  and  county  bond  issues  have 
been  voted  in  addition  to  those  voted  but  not  yet  ex- 
pended, and  finally,  it  is  now  possible  to  market  road 
bonds.  Surely  the  outlook  for  the  road  builder  has 
never  been  brighter. 


ALABAMA  PASSES  $25,000,000  BOND  ISSUE 

The  State  of  Alabama  has  passed  a  $25,000,000  road 
bond  issue  for  the  construction  of  a  state  highway 
system,  as  noted  in  last  week's  issue.  In  1920  an 
amendment  to  the  state  constitution  was  passed  by  a 
referendum  vote  authorizing  the  i.«suance  of  $25,000,000 
of  road  bonds.  However,  because  of  some  legal  tech- 
nicality, the  supreme  court  on  Feb.  3  of  last  year  de- 
clared the  measure  unconstitutional-  But  the  desire 
of  the  people  of  Alabama  for  modern  roads  was  not 
to  be  set  aside,  as  shown  by  the  recent  election,  the 
vote  being  25  to  1  for  the  issuance  of  the  bonds. 
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ized.    Contractors  have  so  improved  their  methods  that 
their  individual  outputs  per  annum  have  greatly  in- 
creased, and  considerable  has  been  accomplished  to- 
wards reducing  costs  and  improving  quality. 

Means  of  using  satisfactorily  materials  formerly  con- 
{lidered  of  inferior  quality  are  being  found  by  the 
material  producers  collaborating  with  the  engineers 
Machinery  has  been  revolutionized ;  and  we  have  found 
improv°.ment  in  matters  of  finance,  bonds,  transporta- 
tion, and  in  the  training,  working,  and  care  of  labor. 
All  the  progress  that  has  been  made  is,  however,  prob- 
ably infinitely  small  in  measure  when  compared  with 
what  we  still  have  to  do. 

It  is  to  be  noted  that  practically  all  branches  of  our 
industry  have  been  organized  for  cooperation  among 
the  members  of  each  branch.  The  people  have  their 
good  roads  associations,  automobile  clubs,  and  cham- 
bers of  commerce  with  good  road  committees.  The 
thinking  of  our  lawmakers  in  being  headed  up  at 
Washington  and  a  national  view  of  good  road  subjects 
is  more  generally  being  taken  there.  Our  highway 
engineers,  contractors,  machinery  and  material  people, 
and  also  the  railroads,  banks,  and  bonding  houses,  arc 
all  associated  with  others  of  their  kind.  Finally,  labor 
has  its  unions. 

The  work  these  associations  have  done  has  been  of 
remarkable  benefit  to  the  industry  as  well  as  to  the 
members  of  those  association-s.  There  is  no  need  to  go 
into  detail.  We  all  undei-stand  to  some  extent  how 
they  are  functioning  and  the  progress  they  are  making- 
We  know,  for  instance,  how  much  the  brick,  cement, 
and  asphah  associations  have  helped  solve  hard  sur- 
face problems  by  their  investigations;  how  the  Asso- 
ciated General  Contractors  have  stabilized  contracting 
by  cooperating  with  engineers  to  improve  contracts  and 
how  the  auto  clubs  have  helped  to  broaden  the  demand 
for  good  roads. 

It  is  more  significant,  however,  to  note  how  the  vari- 
ous associations  are  beginning  to  work  together  and 
how  they  are  beginning  to  be  interested  more  and  more 
in  each  other's  problems.  Last  month  there  was  a 
Highway  Construction  Conference  in  Harrisburg,  Pa., 
in  conjunction  with  the  annual  meeting  of  the  Asso- 
ciated Pennsylvania  Highway  Contractors.  Persons 
from  all  branches  of  the  industry  were  invited  and 
many  of  them  gave  talks.  Lower  freight  rates  on  ma- 
terials, costs  of  bonds,  relations  of  contractors  with 
bankers,  the  cement  market,  and  many  other  such  sub- 
jects, each  affecting  several  different  interests,  and  de- 
manding cooperation,  were  discussed.  A  resolution 
was  passed  urging  a  greater  degree  of  standardization 
in  machinery,  and  suggesting  conferences  between  the 
contractors  and  the  machinery  manufacturers.  The 
spirit  of  cooperation  dominated  the  whole  meeting. 

A  very  pretty  illustration  of  what  cooperation  can 
accomplish  was  given  a  year  or  two  ago  when  it  was 


pointed  out,  first,  I  believe,  by  Mr.,  MacDonald  of  the 
Bureau  of  Public  Koads,  that  in  the  winter  time  the 
railroads  have  an  excess  of  open  top  cars  and  a  short- 
age of  them  in  the  summer.  Everybody  interested 
took  hold  of  this  idea  with  the  result  that  the  high- 
way engineers  are  awarding  their  contracts  earlier,  so 
the  contractor  can  arrange  for  winter  shipping  and 
storage  of  materials.  Laws  were  passed  in  many  states 
providing  for  partial  payments  on  materials  so  stored. 
The  railroads  were  benefited.  The  season  of  the  sand, 
gravel  and  stone  companies  was  lengthened,  the  con- 
tractor is  able  to  do  more  work  per  annum,  more  work 
is  assured  to  labor.  In  fact  it  seems  that  this  one 
action  of  awarding  contracts  early  has  affected  our 
whole  industry  and  all  the  ten  interests  in  it. 

We  have  a  very  practical  demonstration  this  week, 
in  this  most  successful  road  show  in  history,  of  how 
many  of  the  road  interests  may  be  drawn  together  for 
a  common  good.'-  We  have  also  a  liorrible  example  of 
what  may  happen  when  things  are  not  planned  with 
the  interests  of  all  in  mind.  The  exhibits  in  the  Coli- 
seum are  brought  here  at  a  very  large  expense.  The 
contractors  are  perhaps  the  ones  to  be  most  benefited 
by  viewing  them.  And  yet,  Ave  find  the  Associated 
General  Contractors  holding  a  convention  of  their  own 
in  Cleveland  on  exactly  the  same  dates  as  the  road 
show  in  Chicago.  There  surely  can  be  no  reason  for 
it  except  lack  of  cooperation.  It  is  unthinkable  that 
any  contractor  who  can  attend  that  convention  in 
Cleveland  would  not  enjoy  and  be  benefited  by  a  day 
or  two  looking  over  the  many  new  things  on  display 
here. 

We  have  had  many  other  very  interesting  examples 
of  cooperation  between  our  branches  in  the  past.  The 
results  have  been  gratifying  and  it  has  been  most 
thoroughly  demonstrated  that  willingness  to  cooperate 
exists  everywhere.  Cooperation  has,  however,  been  a 
sort  of  hit  or  miss  proposition.  Issues  have  been  met 
not  only  as  they  have  arisen.  Very  little  has  been 
done  to  plan  cooperation  of  all  parties.  It  is  perhaps 
because  our  industry  is  so  large  in  volume  and  spread 
out  so  all  over  the  country. and  has  so  many  ramifica- 
tions. 

It  has  been  difficult,  if  not  impo.ssible,  for  any  one 
to  grasp  the  entire  problem.  To  me  it  is  clearly  indi- 
cated the  work  of  cooperation  must  be  planned  by  a 
committee  of  an  association  such  as  the  American 
Road  Builders'  Association.  This  is,  indeed,  the  only 
body  large  enough  to  attempt  the  work.  It  is  the  only 
national  association  still  functioning,  although  there 
have  been  others  come  and  go.  This  is  really  an  as- 
sociation of  associations,  a  federation,  if  you  please, 
with  a  membership  comprising  all  road  building  inter- 
ests. Is  there  not  an  opportunity  for  u.s  to  do  some 
real  constructive  work?  Is  there  not  a  responsibility 
that  must  not  be  shirked? 

Just  how  our  association  may  be  made  to  function 
for  larger  cooperation  is  a  question  for  discussion. 
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Next  year  I  understand  we  are  to  have  a  salaried  sec- 
retary, who  will  devote  all  his  time  and  best  thinking 
to  affairs  of  the  association.  That  will  be  one  step  in  the 
right  direction.  The  work  is  vast,  however,  and  the 
opportunity  so  large  that  I  believe  an  able  general 
manager  with  several  assistants  are  needed.  One  as- 
sistant could  look  after  increasing  the  membership  to 
many  times  what  it  is  now.  Another  could  make  this 
annual  convention  and  exhibition  his  principal  con- 
cern- Then  why  not  begin  to  collect  a  library  that 
would  be  the  best  on  road  subjects  in  the  world?  Sta- 
tistics of  interest  to  the  members  should  be  collected 
by  the  association.  Perhaps  we  should  have  a  com- 
mittee on  cooperation.  The  committee  could  analyze 
issues  and  assuredly  be  able  to  recommend  cooperative 
action.  The  manager  and  his  assistants  should  of 
course  work  with  the  committee  to  start  the  action. 

Eegardless,  however,  of  what  the  association  may 
be  able  to  do,  it  remains  for  the  members  to  cooperate 
among  themselves  to  a  much  greater  extent  than  they 
have  done  in  the  past.  Let  us  study  each  other's  prob- 
lems, and  especially  the  problems  of  those  with  whom 
each  of  us  come  most  frequently  in  contact.  Every 
single  member  of  any  of  the  ten  interests  is  as  justly 
entitled  to  consideration  as  you  are  yourself.  He  rep- 
resents one-tenth  of  the  list  of  active  partners  in  build- 
ing roads  and  is  just  as  necessary  to  the  industry  as 
the  representatives  of  any  other  interests. 

In  closing,  let  me  state  the  "Law  of  Equal  Reac- 
tion," which  Babson,  our  foremost  industrial  statis- 
tician, has  defined  thus:  "Every  act  of  ours  reacts  to 
our  advantage  or  disadvantage,  according  to  whether 
it  helps  or  harms  all  parties  affected.  This  means 
that  our  future  prosperity  depends  on  the  amount  and 
quality  of  service  we  render-  "We  get  What  we  give, 
and  iprosper  as  we  serve." 


MASSACHUSETTS  WOULD  RAISE  MOTOR  FEES 

Motor  ear  owners  in  Massachusetts  are  threatened 
with  greatly  increased  registration  fees.  The  new  bills 
introduced  in  the  State  Legislature  provide  for  increas- 
es ranging  from  50  per  cent  on  small  cars  to  340  per 
cent  on  some  of  the  larger  veicles.  On  almost  every- 
thing, except  the  smallest  cars  and  the  largest  trucks, 
the  increase  is  approximately  100  per  cent.  The  com- 
missioner of  Public  "Works  is  asking  for  this  increase 
in  order  that  his  department  may  have  a  much  larger 
sum  of  money  to  expend  upon  road  work. 

It  has  been  figured  that  Massachusetts  motorists  this 
year  will  pay  in  about  $6,600,000.  This  money,  taken 
with  the  Federal  Aid  allowance  of  Massachusetts  and 
the  amounts  received  from  cities  and  towns  in  connec- 
tion with  the  co-operative  work  in  highway  construc- 
tion, will,  it  is  estimated,  give  the  department  practi- 
cally $10,000,000  with  which  to  work  this  year.  Mo- 
torists feel  that  this  is  a  sufficient  sum  to  keep  the 
roads  in  good  shape  and  to  extend  them  a  reasonable 
amount. 


EIGHTEEN-FOOT  BRIDGES  THE 

RULE  ON  FEDERAL  AID  ROADS 

Few  highway  bridges  with  a  width  of  roadway  less 
than  18  ft.  are  now  being  constructed  on  improved 
roads,  according  to  engineers  of  the  Bureau  of  Public 
Roads  of  the  United  States  Department  of  Agriculture. 
In  the  past  some  of  12  ft.  and  a  good  many  of  16-ft. 
width  have  been  constructed  in  an  effort  to  economize 
but  it  has  proved  short  sighted  economy.  Only  one 
line  of  traffic  can  pass  over  a  12-ft.  roadway  and  16-ft. 
of  width  will  not  accommodate  two  lines  in  safety. 
Many  of  the  states  such  as  Pennsylvania,  New  Jersey, 
Ohio,  and  Massachusetts  have  found  it  advisable  in 
replacing  old  bridges  on  important  roads  to  make  them 
wide  enough  to  accommodate  three  and  four  lines  of 
traffic. 


FOREIGN  ENGINEERS  INSPECT 

AMERICAN  ROAD  CONSTRUCTION 

Foreign  countries,  particularly  those  of  South  Ameri- 
ca and  Japan  and  China,  are  much  interested  in  Ameri- 
can methods  of  road  construction. 

In  recent  months  tlie  Bureau  of  Public  Roads  of  the 
United  States  Department  of  Agriculture  has  been 
visited  by  several  Japanese  and  Chinese  engineers  sent 
to  this  country  to  study  the  operation  of  the  Federal 
and  State  highway  organizations  and  to  inspect  actual 
construction. 

According  to  one  of  the  Japanese  visitors,  his  coun- 
try has  recently  made  its  first  appropriation  for  modern 
highway  construction,  an  amount  that  would  not  be 
considered  large  by  some  of  our  States,  but  it  is  thought 
that  the  movement  will  grow  rapidly  when  the  people 
can  see  the  benefits  of  the  roads  to  be  constructed  with 
tlie  present  appropriation. 

In  response  to  tlie  interest  in  our  roads  shown  by  the 
South  American  Republics  that  the  Pan  American 
Union  recently  issued  an  educational  bulletin  on  Ameri- 
can roads,  printed  in  Spanish  and  Portuguese,  describ- 
ing American  practice,  and  illustrated  by  photographs 
collected  by  the  Bureau  of  Public  Roads. 


WIDER  HIGHWAY  TENDENCY 

SHOWN  IN  ROAD  BUILDING 

Of  6,500  mi.  of  completed  Federal  aid  road  for  which 
statistics  have  been  collected  by  the  Bureau  of  Public 
Roads,  United  States  Department  of  Agriculture,  one- 
half  has  been  constructed  of  16  and  18  ft.  width,  25 
per  cent  of  a  greater  width,  and  25  per  cent  of  a  less 
width.  As  would  be  expected  the  wider  roads  have 
been  constructed  largely  in  the  more  populous  states, 
although  some  of  the  less  populous  states  are  building 
wider  roads  for  the  main  highways.  There  is  a  gen- 
eral tendency,  it  is  said,  to  build  wider  roads  to  meet 
the  needs  of  the  constantly  increasing  traffic,  as  shown 
by  the  25  per  cent  of  the  mileage  over  18  ft.  in  vddth, 
7  per  cent  being  24  ft.  or  wider. 
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MEETINGS 

Calendar  of  Coming  Meetings 

June  4-6 — American  Association  of  Engineers — An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary,  C.  E. 
Drayer.  63  E.  Adams  St.,  Chicago,  lU. 

June  2&-Jaly  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineers'  Club  Bldg.,  Phila- 
dephia,  Pa. 


Crete  roads,  thereby  saving  the  cost  of  importing  stone, 
gravel,  or  sand  from  a  distance. 


UNUSUAL  DRAINAGE  PROBLEM  SOLVED 

An  unusual  di'ainage  problem  on  Federal  Aid  Pro- 
ject 120  in  Ravalli  County,  Montana,  is  being  solved 
by  an  interesting  type  of  construction-  Briefly,  the 
conditions  are  as  follows:  For  more  than  a  mile  of 
the  project  just  out  of  Stevensville  an  18  in.  layer  of 
gumbo  covers  a  stratum  of  gravel  under  which  is  a 
layer  of  impervious  material.  The  general  slope  of 
these  strata  is  toward  the  Bitter  Root  Rivers  about  a 
mile  distant.  In  the  spring  of  the  year  when  tiie  snow 
is  melting  in  the  mountains  the  water  sweeping  through 
the  gravel  layer  gains  a  liydrostatic  pressure  which 
forces  it  through  the  thin  places  of  the  earth  road 
surface  making  it  almost  impassable. 

To  overcome  this  serious  condition  it  was  found  im- 
practicable because  of  right  of  way  limitations  to  con- 
struct a  side  ditch  of  sufficient  depth  to  intercept  and 
carry  off  tliis  surplus  water-  The  plan  finally  adopted 
consisted  of  laying  a  7  in.  layer  of  field  stones  on  the 
existing  road  over  which  a  3  in.  layer  of  pit  run  gravel 
was  placed.  On  this  an  18  ft.  feather  edge  gravel 
wearing  surface  will  be  placed.  In  effect  a  French 
drain  has  been  constructed  and  all  indications  are  that 
the  former  bad  conditions  liave  been  economically 
overcome. 


MAKES  AUTOMATIC  TESTS  OF 

ROAD  BUILDING  MATERIALS 
An  experiment  to  determine  just  how  hard  rock  or 
gravel  must  be  in  order  to  be  satisfactory  for  use  in 
building  concrete  roads  is  being  carried  on  by  the  Bu- 
reau of  Public  Roads  at  the  Arlington  Experimental 
Faniis  of  the  United  States  Department  of  Agriculture. 
About  60  sections  of  experimental  road  are  being  con- 
structed, in  which  practically  every  variety  of  stone, 
gravel,  and  sand  will  })c  used.  These  sections  will 
then  be  traveled  over  thousands  of  times  by  a  machine 
automatically  operated  and  which  has  the  same  effeci 
on  the  pavement  as  a  motor  truck.  This  will  continue 
until  the  wearing  properties  of  all  the  sections  are  de- 
termined. The  bureau  believes  that  the  results  of  these 
tests  will  show  that  many  local  materials  heretofore 
deemed  misiiitahln  may  be  used  safely  in  building  con- 


POLICE  PATROL  CONNECTICUT  ROADS 

A  comprehensive  system  of  patrols  to  cover  the  main 
liighways  of  Connecticut  will  soon  be  put  into  opera- 
tion by  the  State  Police  Department.  In  the  height  of 
the  motoring  season  about  three  thousand  miles  of 
Connecticut  higluvays  will  be  patrolled  by  the  state 
police  force.  It  is  the  intention  of  Superintendent 
Hurley  of  the  state  police  to  do  everything  in  the  pow- 
er of  the  department  to  make  travel  over  Connecticut 
highways  the  safest  in  New  England. 

The  coming  spring  and  the  call  of  the  road  brings 
out  an  ever  increasing  number  of  applicants  for  op- 
eiators'  licenses.  The  large  number  of  non-residents 
who  choose  Connecticut  resorts  at  the  shore  and  in  the 
country  for  tlieir  summer  homes  also  swell  the  total 
of  those  operating  automobiles  under  Connecticut  li- 
censes. 


FILM  SHOWS  USE  OF  BRICK  IN  ROADS 

The  transformation  of  clay  into  a  durable,  hard  sur- 
faced, vitrified  brick  pavement,  through  modem  meth- 
ods of  manufacture  and  road  building,  is  visualized  in 
a  new  United  States  Department  of  Agriculture  one- 
reel  film,  "Bricks — From  Clay  to  Pavement." 

Scenes  portray  the  digging  of  the  shale  or  clay  from 
its  native  bed;  mixing,  forming,  burning  and  various 
processes  in  the  manufacture  of  the  brick;  prepara- 
tion of  the  road  base ;  laying,  rolling,  filling  and  other 
operations  with  views  of  the  completed  road  open  for 
traffic.  The  sand-cushion,  monolithic,  and  semi-mono- 
lithic types  of  brick-road  construction  are  included. 

The  film  was  produced  under  the  direction  of  the 
Bureau  of  Public  Roads  and  is  designed  to  instruct  in 
approved  road  building  practices.  Copies  may  be  pur- 
chased at  the  production  cost  of  approximately  $37  or 
will  be  loaned,  free,  for  sliort  periods. 


PERSONAL  MENTION 


George  Mattis  has  resigned  as  city  engineer  of  Oak- 
land, Cal. 

George  E.  Johnson  lias  resigned  as  state  engineer  of 
.\ebraska,  effective  at  the  end  of  tlie  present  year. 

R.  C.  Brown  has  ben  appointed  acting  state  highway 
engineer  of  South  Carolina. 

A.  H.   Chambers  has  resigned  as  city   engineer  of 
Logan,  Utah. 

Fred  W.  Thomas  has  been  appointed  city  engineer 
of  Logan,  Utah. 
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Concrete  Roads 
must  be  Reinforced 

It  is  demonstrated  beyond  doubt  that  to 
make  concrete  roads  proof  against  heavy  motor 
traffic,  weather  and  time  a  fabric  of  steel 
must  be  incorporated  in  the  concrete. 

Several  great  States  have  so  ruled. 
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Steel  and  Wire  Company's 
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Reinforcement 

Fulfills   Every    Engineering   Requirement 
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Concrete  Pavement,  fVatervliet,  N.  Y. 
Hard-n-tyte  Road  Treatment  used. 


Make  concrete  roads       ^ 
stand  the  grind 


-even  under  this  kind  of  traffic! 


For  over  twenty  yesrr  the  General 
Chemical  Com  piny  hat  been  at  the  fore- 
front of  chemical  research  and  manu- 
facture  in  thia  country.  Hard-n-tyte 
I*  the  latest  contribution  of  its  iplendid 
tcaff  of  cbcniitt.  It  ■■  the  tucceaiful 
rcntltofloos  ■carcbforaconcrcte hard- 
ener that  reallv  hardcni  the  surface  and 
materially  increate*  its  life.  It  enables 
enitinecr*  and  contractors  to  deliver 
a  quality  of  concrete  work  far  in  ad- 
vance of  anythint  that  has  been  p<i*- 
sible  heretofore. 


It  isn't  a  question  of  this  year 
or  next.  It's  a  matter  of  how  the 
job  will  look  five  or  ten  years  from 
now.  Take  this  road  we're  on  right 
now.  Go  over  it  in  a  couple  of 
years.  Go  over  it  again  in  five 
years.  Check  up  what  I  say  about 
the  Hard-n-tyte  Road  Treatment. 
See  for  yourself  what  it  does  to 
make  a  concrete  road  stand  up  and 
give  service. 

And  after  all  is  said  and  done, 
the  grind  of  every  day  traflic  isn't 
a  starter  to  the  tests  the  General 
Chemical  Company  engineers  gave 
the  Hard-n-tyte  Road  Treatment 
before  they  ever  recommended  it 
to  highway  engineers. 

Hard-n-tyte  comes  to  the  job  in 


crystal  form.  These  crystals  are 
dissolved  in  water  as  needed  and 
the  solution  flushed  over  the  sur- 
face of  the  concrete — common  labor 
does  it  quickly  and  cheaply.  The 
fluorides  and  silicates  formed  are 
absolutely  insoluble  in  water,  un- 
affected by  weather  and  extremely 
durable  under  the  grind  of  traffic. 
Hard-n-tyte  forms  a  flint  hard  sur- 
face that  will  wear  for  years  like 
mosaic. 

We  shall  be  glad  to  help  you 
increase  the  life  of  either  old  or 
new  cdncrete.  Drop  us  a  post  card 
asking  for  the  details. 

General  Chemical   Company 

1706  Broad  Exchange  Building,  New  York 


— makes  concrete  roads  wear  longer 
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Relation  of  Motor  Truck  Overloading  to 
Road  Construction  and  Maintenance* 


By    J.   G.   McKAYf 


Highway  design  must  necessarily  be  based  upon 
traffic,  and  the  behavior  of  the  various  details  of  de- 
sign observed  under  different  ranges  and  types  of 
traffic.  Highway  transportation  is  in  a  condition  of 
flux.  An  immense  growth  may  be  anticipated  in  the 
next  decade.  Our  rapidly  growing  mileage  of  com- 
pleted highways,  with  the  prospect  of  continuous  in- 
crease each  year  of  construction  programs  emphasize 
the  urgent  need  of  road  information  upon  which  to 
base  sound,  economical  road  building  policies,  that  we 
may  avoid  the  mistakes  and  disasters  of  unwise  finan- 
cial methods  and  unsound  construction  policies.  The 
solution  of  engineering  problems  of  design,  mainte- 
nance and  the  like,  depends  largely  upon  the  character 
of  the  traffic,  its  speed,  and  the  unit  loads  the  higli- 
way  must  carry.  The  true  purpose  of  an  improved 
highway  is  a  liigh  degree  of  transportation  service  at 
the  least  possible  cost  to  the  public  and  road  user. 
Clearly  a  traffic  census  is  not  a  panacea,  but  I  insist 
that  without  a  knowledge  of  the  actual  traffic,  speed, 
type,  and  weight,  of  a  given  area,  we  are  working  in 
the  dark.  The  actual  traffic  in  terms  of  volume,  den- 
sity, si)eed  and  unit  weights,  must  be  correlated  with 
laboratory  and  experimental  impact  tests  as  a  guide 
to  rational  design.  Independently  each  type  of  re- 
search is  valuable,  but  the  true  worth  of  both  cannot 
be  realized  until  combined — in  other  words,  interpret- 
ing the  results  of  laboratory  experiment  in  terms  of 
vehicles  on  the  highway. 

Our  state  and  national  investment  in  highway  sys 
terns  is  constantly  increasing.  The  investment  in  mo- 
tor vehicles  and  the  automotive  industry  is  constantly 
growing  steadily.  A  careful  analysis  must  be  made  of 
the  chief  traffic  elements  responsible  for  increased  con- 
struction and  maintenance  costs  before  the  enactment 
of  legislation  which  may,  while  protecting  the  high- 
way, prove  injurious  to  the  growth  of  a  highway  trans- 


♦Paper    presented   at   Nineteenth    Annual    Convention    of 
the   American    Road   Builders'    Association. 

t Professor  of  Economics,  University  of  Wisconsin. 


port  service,  and  detrimental  to  the  automotive  indus- 
try. We  must  be  certain  of  our  facts  before  we  limit 
the  traffic  which  may  pass  over  any  given  highway. 
The  limitation  of  wheel  and  gross  loads  must  be  based 
on  definite  information.  The  rapid  destruction  or  ruin 
of  gravel  or  'nacadam,  and  even  concrete  construction 
under  heavy  traffic  does  not  necessarily  mean  that  the 
construction  of  more  durable  pavement  types  is  essen- 
tial. It  is  conceivable  that  the  heavy  freighting  ve- 
hicle is  not  an  economic  unit  load,  and  that  ultimately 
a  smaller  unit  will  become  the  maximum. 

In  making  comparisons  of  the  economies  of  the  dif- 
ferent methods  of  freight  movement  we  are  prone  to 
make  comparisons  on  the  basis  of  operating  costs  alone. 
The  true  haulage  cost  must  be  based  not  only  upon  the 
cost  of  operation  of  the  vehicle,  but  also  a  portion  of 
the  cost  of  building  and  maintaining  a  highway  for 
the  movement  of  vehicles,  and  must  be  included  as  a 
cost  charge.  Naturally  this  cost  increases  rapidly  as 
the  unit  loads  increase.  Saving  in  transport  costs  may 
occur  when  heavy  vehicles  operate,  reducing  the  freight 
costs  by  a  few  cents  per  ton  mile.  On  the  other  hand 
f\  decided  economic  and  social  loss  arises  when  new 
roads  must  be  built,  or  maintenance  costs  are  excessive 
due  to  the  utilization  of  the  highway  by  heavy  vehi- 
cles. The  savings  in  operating  costs  of  a  few  cents 
per  ton  mile  are  more  than  offset  by  the  heavy  con- 
struction and  maintenance  charge.  It  is  not  alone  a 
question  of  cost,  but  the  road  is  out  of  service  which 
is  even  more  serious. 

It  may  be  that  an  increase  of  the  tire  width  per  ca- 
pacity of  trucks  to  carry  the  freight  load  without  de- 
struction of  the  pavement  is  the  solution.  It  is  pos- 
sible that  the  tire  equipment  should  be  capable  of 
carrying  the  entire  load,  as  suggested  by  Mr.  Otto 
Armleder,  manufacturer  of  Armleder  trucks.  This 
would  solve  the  problem  of  overloading  on  the  rear 
axle,  but  would  not  reach  the  problem  of  the  total 
unit  weight  on  the  pavement,  or  overloading  on  the 
front  axle.     A  study  of  the  comparative  economies  of 
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three,  five  and  seven  ton  trucks  witli  regard  to  high- 
way eonstruction  and  maintenance,  vehicle  operation 
costs,  and  service  time,  would  settle  this  controversial 
point  and  determine  the  maximum  economical  load 
uiiit. 

It  does  not  appear  that  the  use  of  pneumatic  tire:) 
is  a  possible  solution,  limited  to  use  on  small  capacity 
trucks,  and  prohibitive  in  cost. 

Today  we  see  a  strong  tendency  in  the  direction  of 
restrictive  legislation  limiting  the  total  loads  which 
-inay'pas&over  our  highways  and  bridges.  The  classi- 
fication of  a  highway  system  which  limits  the  gross 
weight  to  twelve  and  a  half  tons  on  a  very  small  per- 
centage of  the  roads  of  a  state,  and  to  seven  and  one- 
half  tons  on  the  balance  of  the  state  system,  definitely 
limits  the  manufacturer  of  trucks  to  a  limited  area  for 
the  sale  of  heavy  vehicles.  It  is  to  his  own  best  in- 
terests to  cooperate  in  the  solving  of  this  difficult  prob- 
lem in  order  that  his  market  may  not  be  restricted  be- 
yond reasonable  limits.  The  establishment  of  weight 
limits  per  inch  of  tire  width  must  be  based  on  con- 
clusive evidence  and  research. 

The  manufacturer  of  trucks  cannot  afford  to  design 
and  market  vehicles  which  unduly  increase  the  cost  of 
construction  and  maintenance  of  our  highways.  The 
highway  engineer  cannot  afford  to  build  poads  that 
will  cripple  or  limit  unduly  the  hauling  capacity  of 
trucks.  There  is  a  joint  enterprise,  a  movement  of 
•the  maximum  traffic  at  a  minimum  cost,  and  upon  its 
successful  solution  rests  the  welfare  of  both  the  public 
and  the  vehicle  manufacturer. 

It  is  an  open  question  whether  or  not  the  ultimate 
sphere  of  motor  truck  operation  is  to  be  competitive 
with  or  supplementary  to  our  existing  transport  sys- 
tem. The  consideration  of  this  problem  carries  with 
it  far  reaching  consequences,  beyond  the  mere  com- 
parison of  the  cost  of  movement  of  freight  by  one  or 
the  other  type  of  carrier.  The  movement  of  freight  is 
by  nature  monopolistic,  and  does  not  permit  of  true 
,  competition.  Either  one  or  the  other  type  of  transport 
will  occupy  the  field.  The  junking  of  our  railroad  in- 
vestment would  involve  the  destruction  of  property 
.rights  representing  approximately  one-twenty-fifth  of 
our  national  wealth.  We  must  con.sider  the  relative 
difference  in  the  inveistment,  comparing  a  large  rail- 
road system,  with  strict  governmental  regulation  of 
rates  and  service,  with  fleets  of  piotor  vehicles  in 
■  which  the  investment  of  the  owner  is  small,  with  an 
absence  of  rate  regulation  or  guarantee  of  service. 
The  railroad  investment  is  permanent  and  cannot  move 
to  an  alternative  field,  it  mu.st  operate  or  become  a  loss. 
The  commercial  vehicle  operator,  however,  may  move 
to  alternative  fields  wlien  profits  fail.  This  naturally 
wopld  endanger  the  guarantee  of  freight  service  which 
is  more  fundamental  a  question  than  cost.  It  is  diffi- 
enlt  to  conceive  of  the  movement  of  heavy  freight  of 
low  value  by  truck  transport.  The  cost  of  moving 
•dch  products  as  coal  and  iron,  pratically  limits  the 


commercial  truck  field  to  high  value  and  low  bulk 
goods.  Can  the  railroads  operate  profitably  moving 
the  low  value  and  large  bulk  commodity  goods  on  the 
short  haul,  while  the  profitable  business  is  absorbed  by 
the  motor  vehicles?  Any  comparison  oi"  the  two  types 
of  transport  with  a  view  of  selection  of  the  more  eco- 
nomical type  involves  a  comparison  of  costs.  In  such 
an  analysis  we  must  not  forget  that  the  cost  of  con- 
struction and  maintenance  of  the  road  bed  in  both 
cases,  is  a  part  of  the  charge  which  must  be  made 
against  the  freight  moved.  A  proper  share  of  con- 
struction costs  and  maintenance  costs  of  the  highway 
must  be  paid  by  the  truck  operator,  before  a  real  com- 
parison of  rail  and  truck  rates  can  be  made. 

A  clear  analysis  of  all  the  factors  involved  must  be 
made  before  we  can  determine  whether  the  field  truck 
oi>eration  as  a  carrier  is  to  be  the  competitive  or  sup- 
plementary to  existing  transport  systems. 

Unprejudiced  research  is  fundamental  in  the  attempt 
to  solve  these  many  many  difficult  highway  problems. 
Supply  definite  information  to  the  highway  engineer 
with  the  assurance  that  the  type  and  weight  of  traffic 
will  not  change  over  night,  and  he  wUl  build  safely 
and  permanently  roads  able  to  carry  the  traffic  at  a 
cost  not  exceeding  the  service  value  of  the  highway 
to  the  community.  The  vehicle  manufacturer  in  all 
fairness  is  entitled  to  know  the  facts  upon  which  he 
must  design  and  build  trucks  which  will  meet  the  re- 
quireemnt.s  of  a  constantly  increasing  highway  legis- 
lation. 

In  approaching  an  analysis  of  some  of  the  factor.s 
involved  in  highway  construction  and  maintenance, 
and  motor  vehicle  movement,  a  clear  picture  of  the 
traffic  passing  over  a  given  liighway  is  essential  to  a 
thorough  understanding  of  the  type  of  construction 
necessary  for  traffic  of  a  given  type,  giving  at  the  same 
time  a  definite  idea  of  the  regularity  of  motor  vehicle 
movement,  density,  weights  and  produce. 

A  traffic  census  may  be  defined  as  "a  complete  sum- 
mation of  traffic  passing  over  the  highways  of  a  given 
area  during  a  definite  period  of  time." 

Every  traffic  census  has  certain  limitations  and  a 
traffic  census  based  on  the  following  plan  has  the  fol 
lowing  limitations: 

1.  A  certain  portion  of  the  traffic  over  newly  com-  • 
pleted  roads  consists  of  "attracted"  traffic  from  other 
routes  and  does  not  represent  the  true  traffic  which 
will  ultimately  pass  over  the  particular  highway  ob- 
served. Allowance  must  be  made-  for  a  re-distribution 
of  traffic  when  parallel  highways  of  the  complete  sys- 
tem are  constructed. 

2.  We  cannot  expect  that  a  summation  of  vehicular 
movement  will  accurately  portray  future  traffic.  To 
obtain  a  picture  of  future  traffic  the  census  must  be 
taken  at  given  intervals  over  a  period  of  years  to  de- 
termine the  percentage  increase  of  each  vehicle  type. 
The  potential  traffic  of  a  given  area  to  supplement  the 
actual  traffic  census  may  be  obtained  by  a  survey  of 
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the  agricultural  and  industrial  growth  of  the  commun- 
ity. 

3.  Only  in  a  general  way  will  the  census  data  answer 
the  question  of  the  influence  of  various  types  of  traffic 
on  the  highway  without  maintenance  studios  of  the 
same  road,  correlated  with  impact  studies.  To  be  able 
to  interpret  correctly  the  weight  and  volume  data,  ac- 
curate maintenance  cost  studies  are  essential.  It  is 
advisable  in  the  selection  of  traffic  census  stations  to 
place  them  on  highways  on  which  maintenance  costs  of 
the  various  types  of  pavement  are  kept. 

4.  The  tonnage  volume,  and  weight  per  capacity 
of  various  vehicles  will  be  of  more  value  when  com- 
bined Avith  impact  studies  showing  the  effect  on  dif- 
ferent types  of  pavements  by  impact  tests.  Being 
given  the  result  of  impact  studies  on  the  several  road 
types,  produced  by  the  different  vehicles,  as  shown  by 
the  census,  the  construction  engineer  can  be  assured  of 
the  type  of  highway  he  must  build  to  carry  the  traffic. 
This  will  prevent  over  or  under-construction  with  the 
economic  wastage  occuring  in  either  case. 

In  the  past,  traffic  censuses  have  been  taken  by  state 
highway  departments  largely  for  the  purpose  of  de- 
termining the  number  of  vehicles,  passengers  and 
types  to  indicate  numerical  movement.  Generally  such 
survey  occurred  during  density  of  movement  and  for 
short  periods  of  time.  In  a  few  cases  the  period  of  the 
survey  was  longer,  while  in  one  case  actual  weights 
were  recorded. 

In  the  belief  that  the  expense  of  taking  traffic  cen- 
sus should  produce  more  than  surface  results,  and  that 
the  Importance  of  the  problems  involved  call  for  def- 
inite information,  the  following  outline  of  traffic  cen- 
sus is  evolved. 

The  main  purposes  of  a  traffic  census  may  be  sum- 
marized as  follows: 

1.  An  aid  in  determining  the  economic  value  of  a 
highway.  Three  principal  factors  enter  into  the  valu- 
ation of  a  highway  improvement.  The  increase  in  land 
values,  highway  service  value  in  terms  of  passenger  and 
freight  ton  miles,  and  the  general  value  to  a  commun- 
ity. The  only  method  of  obtaining  passenger  and 
freight  ton  miles  is  by  means  of  a  traffic  census  for  a 
definite  period  translated  into  yearly  traffic. 

2.  Cla.ssification  of  vehicular  traffic.  A  classification 
of  traffic  of  the  several  types  is  useful  in  formulatins: 
traffic  regulations,  and  to  some  extent  in  determining 
the  percentage  source  of  revenue  from  highway  users 
in  accordance  with  their  actual  use  of  the  highway. 

3.  To  determine  gross  truck  weights  and  overload- 
ing per  truck  capacity.  Weight  and  speed  are  guides 
to  de.sign,  pavement  selection,  limitations  of  grade  and 
alignment.  The  facts  as  to  overloading  per  capacity 
can  only  be  determined  by  a  knowledge  of  front  and 
rear  axle  distribution  of  weight  in  terms  of  loads  per 
inch  of  tire  width.  It  is  not  merely  a  problem  of  loads 
beyond  a  given  maximum,  Isut  the  real  difficulty  lies 
in  overlooking  beyond  truck  capacity. 


4.  Distribution  of  construction  and  maintenance 
funds.  To  distribute  maintenance  and  construction 
funds  in  a  fair  proportion  to  traffic,  we  must  know 
the  volume  and  type  of  traffic  on  the  different  high- 
ways. The  greater  the  volume  of  traffic,  logically  the 
greater  the  per  cent  of  construction  and  maintenance 
funds  allocated. 

5.  To  determine  traffic  density  and  truck  body 
widths.  The  peak  of  traffic  hourly,  daily  and  during 
the  season  is  essential.  Peak  density  and  speed  influ- 
ence width  of  pavement  and  determines  the  maximum 
width  necessary  to  carry  the  peak  load.  A  direct  ratio 
exists  between  vehicle  body  widths  and  pavement 
widtli.  Pavement  width  increases  with  the  increased 
speed  movement  of  the  vehicle,  particularly  when  the 
load  is  heavy. 

Seasonal  and  yearly  traffic  volume  and  density  en- 
able a  prediction  in  a  general  way  of  future  traffic. 

6.  To  determine  the  vehicular  movement  of  freight.  , 
Information  as  to  regular  and  irregular  trucking  lines 
throws  light  on  the  proportion  of  regular  freight  move- 
ment. This  is  particularly  valuable  in  the  industrial 
states  of  the  east  and  northeast.  The  average  length 
of  haul  of  commercial  freighting  indicates  the  field  of  , 
competition  of  the  truck  and  the  railroad,  whether  the 
short  or  long  haul.  The  type,  volume  and  value  of 
commodities  moved  indicate  the  commodity  competi- 
tion and  the  per  cent  of  high  value  and  small  bulk 
freight  moved  as  compared  with  low  value  and  large 
bulk  freight.  The  average  delivery  time  indicates  tlie 
rapidity  of  movement  of  commercial  freight  service. 

Information  relative  to  truck  operating  costs  and 
freight  rates  does  not  properly  He  in  the  field  of  a 
traffic  census,  but  must  be  made  through  independent 
studies. 

7.  Average  speed  of  vehicles.  This  data  must  nec- 
essarily be  obtained  at  the  same  time  the  census  is  re- 
corded to  check  each  vehicle  observed  in  the  speed 
test  with  the  data  obtained  at  the  census  station.  The  ■■ 
recording  of  the  license  number  in  each  ease  permits 
the  determination  of  capacity  and  weight.  This  infor- 
mation is  useful  in  the  formulation  of  speed  regulations 
and  their  enforcement. 

8.  Bases  of  the  formulation  of  traffic  regulations  and 
their  enforcement.  The  information  as  to  weight, 
overloading,  tire  condition,  body  widths  and  speed  not 
only  afford  a  reasonable  basis  of  traffic  regulation,  but 
is  the  data  upon  which  enforcement  depends. 

With  those  purposes  in  mind  a  comprehensive  study 
of  highway  traffic  was  conducted  in  the  State  of  Con- 
necticut during  August  and  October  of  1921  by  the 
Connecticut  Highway  Department  in  cooperation  with 
the  Bureau  of  Public  Roads.  This  survey  consisted  of 
two  traffic  censuses  conducted  on  two  of  the  principal 
highways  of  Connecticut  according  to  a  plan  I  had  out- 
lined as  the  basis  of  a  model  traffic  census,  and  was 
put  into  operation  by  Highway  Commissioner  Bennett 
of  the  State  of  Connecticut.    Each  survey  covered  a 
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period  of  two  weeks,  aud  included  two  night  surveys 
to  determine  the  percent  of  night  movement.  Scales 
were  installed  by  the  Connecticut  Highway  Depart- 
ment on  the  road  side  by  means  of  which  tlie  actual 
weights  of  trucks  were  obtained. 

Truck  Overloading 

.As  I  have  already  suggested,  the  production  of  higli 
ways  and  of  vehicles  which  utilize  our  highways  rep- 
resent two  industries  in  which  the  yearly  iuvestmeni 
exceeds  by  far  any  other  two  industries  in  the  United 
States.  The  past  few  years  have  witnessed  a  tremen 
doos  gfTowth  of  new  highway  construction  and  the 
volume  and  types  of  vehicles  using  our  roads.  The 
interests  of  the  highway  engineer  aud  the  producer 
of  motor  vehicles  are  largely  the  same.  Tiie  one  to 
construct  and  maintain  highways  which  will  carry  a 
maximum  of  traffic  of  econoniical  weight  units  at  a 
minimum  cost.  The  automotive  manufacturer  to  pro- 
duce vehicles  which  will  move  the  traffic  at  a  iiiiuiinuiii 
cost  and  with  the  least  damage  to  the  highway.  We 
cannot  afford  the  waste  of  building  roads  to  carry  all 
types  of  traffic  and  unlimited  loads,  nor  can  we  fit  the 
vehicle  to  all  types  of  highways.  It  is  a  combination 
of  both,  the  building  of  suitable  and  satisfactory  roads, 
and  motor  vehicles  of  the  proper  construction  and 
weight.  This  is  a  joint  industry  of  the  road  maker  and 
the  road  user  with  a  common  object,  the  production  of 
transportation  at  a  minimum  cost. 

Naturally  in  any  industry  whose  growth  has  been 
as  rapid  as  the  development  of  our  highway  system, 
abuses  arise.  Difficult  problems  develop  upon  whose 
successful  solution  rests  the  continued  support  of  pub- 
lie  approval.  We  have  at  present  in  the  highway  in 
dustry,  many  unsolved  problems  of  highway  economies 
and  engineering  which  require  immediate  considera- 
tion. Intricate  problems  of  finance,  transportation, 
valuation,  construction  and  maintenance,  are  a  con- 
stant challenge  to  research  in  the  field  of  high  econ- 
omies. This  is  a  major  field  of  operation  and  calln  for 
the  mutual  cooperation  of  all  people  interested  in  see- 
ing the  creation  of  permanent  and  continually  usable 
roads  at  a  minimum  of  expense. 

One  of  the  most  serious  difficulties  confronting  the 
highway  engineer  today  is  the  construction  of  roads 
which  will  remain  in  existence  long  enough  to  justify 
the  investment,  and  at  the  same  time  withstand  the 
hammering  of  the  steadily  increasing  volume  of  weight 
to  which  the  pavement  and  subgrade  are  subjected. 
This  presents  a  two-fold  problem.  Rrst  the  problem 
of  excessive  loads  above  a  given  maximum  weight 
which  reflfolts  in  the  premature  destruction  of  the  high- 
way. In  1920  only  1%  of  the  motor  trucks  manu- 
factured were  over  5  tons  capacity.  The  California 
Highway  Commission  in  a  recent  statement  says:  "As 
the  ratio  of  use  must  be  in  close  proportion  to  the  ratio 
of  production,  it  follows  that  only  about  3%  of  the 
vehicles  using  the  California  State  Highways  are  the 
so-called    heavy    dtity   type.    Highway    construction. 


like  any  other  governmental  activity  is  based  on  public 
necessity  aud  this  necessity  should  be  met  rtasonably 
when  highways  are  built,  adequate  to  sustain  90%  of 
the  traffic.  This  percentage  would  include  all  motor 
vehicles  including  the  two  ton  capacity.  Assuming 
$30,000  per  mile  as  adequate  to  sustain  90%  of  the 
vehicular  traffic  of  the  State  and  $50,000  per  mile  to 
construct  a  highway  which  will  sustain  the  weight  re- 
quired by  10%  of  heavy  duty  trucks,  should  the  gen- 
eral tax  payer  be  required  to  invest  an  additional  66% 
in  road  construction  for  the  primary  benefit  of  this 
particular  call  of  heavy  vehicles?" 

We  must  fully  recognize  the  necessity  of  automotive 
transportation,  and  the  need  for  construction  which 
will  carry  modern  traffic,  but  first  we  must  determine 
the  economic  load  units,  and  second  eliminate  over- 
loading. The  weight  of  single  units  and  speed  are  the 
two  essential  points  of  difiiculty.  The  greater  the  speed 
of  heavy  loads  the  more  damage  to  tlie  highway.  The 
ratio  of  damage  to  the  road  with  an  increase  in  speed 
is  altogether  out  of  proportion  to  the  economies  gained 
by  faster  movement. 

The  fact  that  pneumatic  tires  are  found  on  the  small- 
ei-  capacity  veliicles  should  seem  to  eliminate  the  use 
of  the  pneumatic  tire  as  a  solution.  Reduction  of  speed, 
elimination  of  overloads,  and  restriction  of  gross  ton- 
nage and  an  increase  in  depth  and  width  of  solid  tire 
equipment  will  reduce  highway  damage. 

The  majority  of  heavy  movement  occurs  on  our 
trunk  highways  usually  between  industrial  centers. 
There  is,  however,  some  movement  of  heavy  loads  on 
our  secondary  highways  and  generally  the  result  is  ul- 
timately the  destruction  of  the  highways.  Under  ad- 
verse weather  conditions,  a  single  trip  of  a  heavy  load 
over  roads  built  to  carry  light  traffic  results  in  its  de- 
struction. An  example  of  what  may  occur  was  shown 
during  the  "iShip-by-truck"  week  a  little  over  a  year 
ago  when  an  attempt  was  made  all  over  the  country 
to  relieve  the  railroad  freight  congestion.  The  destruc- 
tion of  highways  unable  to  maintain  heavy  traffic  more 
than  offset  by  many  millions  of  dollars  the  economies 
which  resulted  by  relieving  the  railroads  of  their 
freight  congestion. 

It  is  not  contemplated  that  we  will  ever  construct 
our  secondary  highways  to  carry  the  maximum  loads 
imposed  on  our  primary  roads.  To  prevent  the  de- 
struction of  our  secondary  systems  by  heavy  trucking 
vehicles  and  loads,  a  classification  of  highways  neces- 
sary limiting  the  maximum  weight  of  vehicles  moving 
over  each  road  classification.  The  Wisconsin  Highway 
Commission  recently  put  into  operation  a  classification 
of  highways  with  the  object  of  regulating  track  weights 
on  its  trunk  highways  and  secondary  roads.  Class  A 
roads  limit  thf  loads  to  12  tons,  while  class  R  roads 
limit  the  load  to  lyi  tons.  The  majority  of  WiscOasin 
highways,  primary  and  secondary  at  the  present  time 
fall  under  class  B.  Class  A  roads  consist  of  the  more 
durable  construction  types,  while  Class  B  consists  of 
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the  less  durable  types.  Strict  supervision  of  the  weights 
of  vehicles  using  the  highway,  and  severe  penalties  for 
violation  of  such  a  classification  are  essential  in  order 
to  compel  obedience  to  the  law  regulating  the  maxi- 
iimm  and  capacity  weights  which  may  move  over  each 
class  of  highways. 

In  Maryland  all  loads  in  excess  of  10  tons,  vehicle 
and  load,  are  forced  to  unload  excess  weight  at  once, 
leaving  it  on  the  highway.  Ohio  orders  overloaded 
trucks  off  the  road.  Gross  weight  limits  in  the  various 
states  range  from  6i/i  tons  maximum  in  Vermont  to 
J.5  tons  maximum  in  California,  Michigan  and  New 
Jersey.  About  one-half  of  the  states  specify  a  maxi- 
mum load  per  incli  of  tire  width  ranging  from  500  lbs. 
per  inch  in  Idaho,  Oregon  and  Texas,  to  800  lb.  per 
inch  in  Connecticut,  Illinois,  Iowa,  New  Jersey,  New 
York,  Pennsylvania,  Washington,  Wisconsin,  Minne- 
sota, Massachusetts,  Maine  and  Kentucky. 

Regulations  as  to  gross  weight  and  overloading  must 
take  into  consideration  two  road  factors.  First  the 
difference  in  road  types,  permitting  heavier  gross 
loads,  and  loads  per  inch  of  tire  width  on  the  more 
durable  types,  limiting  both  gross  load  and  weight  of 
wheel  load  on  less  durable  types.  Second  in  those 
states  in  which  there  are  considerable  climatic  varia- 
tion, restrictions  should  be  imposed  during  the  early 
spring,  wlien  the  pavement  is  more  easily  destroyed 
than  later  when  the  frost  has  disappeared  and  the 
road  is  not  susceptible  to  injury. 

The  second  phase  is  the  problem  of  overloading  per 
truck  capacity.  My  analysis  deals  primarily  with  this 
problem,  which  is  by  far  the  most  serious.  The  limita- 
tion of  loads  to  a  maximum  of -25,000  lb.  does  not  pro- 
vent  the  overloading  of  trucks  whose  rated  capacity 
falls  below  the  maximum  load  provision. 

At  each  of  the  census  stations,  the  width  of  tire  was 
taken  by  measuring  the  impression  made  by  the  wheel 
load,  front  and  rear,  after  passing  over  strips  of  im- 
pression paper.  The  front  and  rear  axle  weight  was 
piocured  in  order  to  determine  the  total  load,  and  dis- 
tribution of  load,  on  the  front  and  rear  axle.  These 
figures  enabled  me  to  determine  the  wheel  load  per 
inch  of  tire  width  for  each  truck,  make,  and  capacity. 
The  make  and  capacity  of  the  truck  were  necessary  in 
order  to  compare  the  manufacturer's  total  weights, 
and  percentage  distribution  of  weights,  front  and  rear 
axle,  with  the  actual  weights  recorded,  to  arrive  at  the 
overloads  per  capacity. 

Any  analysis  of  overloading  has  certain  limitations 
in  the  present  state  of  highway  research.  (1)  The  lack 
of  maintenance  cost  studies  of  the  highways  on  which 
the  surveys  occurred,  does  not  permit  of  establishing 
accurately  the  direct  relationship  which  exists  between 
overloading  per  capacity  and  higli  maintenance  costs. 
(2)  the  effect  of  overloading  on  the  pavement  and  sub- 
grade  can  best  l)e  shown  when  correlated  with  impact 
studies  of  the  several  pavement  types.  (3)  Criticism 
of  the  overload  data  on  the  basis  of  the  standard  used 


in  determining  overloads.  The  weight  standard  used 
to  determine  overloads  for  each  make  and  capacity 
consists  of  a  summation  of  the  manufacturers'  1920 
weights  for  the  chassis,  body,  and  rated  capacity,  giv- 
ing the  total  weight  when  loaded  to  capacity.  The 
percentage  distribution  of  weight  recommended  by  the 
manufacturers  of  trucks  for  front  and  rear  axle  load 
is  used  as  a  standard  for  determining  overloads  on  the 
front  and  rear  axle.  In  order  to  be  conservative  5% 
of  the  total  chassis,  body  and  capacity  weight  was 
added  to  the  manufacturers'  given  weight  and  used 
as  the  standard  for  computing  total  overloads  per  ca- 
pacity. One-half  of  this  5%  was  added  to  the  front 
and  rear  axle  standard  weights  in  arriving  at  overloads 
for  the  front  and  rear  axle.  For  example,  if  the  chas- 
sis weighs  7,000  lbs.,  the  body  1,600  lb.  capacity  7,000 
lb.,  a  total  of  15,600  lb.,  byi  of  15,600  lb.,  or  780  lb. 
was  added,  making  a  standard  for  total  overloads  for 
this  capacity  of  16,380  lb.  In  addition  390  lb.  was 
added  to  the  front  and  rear  axle  weight,  and  the  totals 
used  as  a  standard  for  judging  the  front  and  rear  axle 
overload.  This  basis  seemed  fair,  and  even  an  allow- 
ance of  10%  would  have  made  little  material  differ- 
ence in  the  result. 

Types  of  Commodities  in  which  Overloading  Occurs 

It  has  been  generally  believed  that  overloading  has 
occurred  primarily  with  trucks  loaded  with  sand,  grav- 
el, brick,  cement  and  lumber,  and  that  this  abuse  wa-s 
restricted  to  a  relatively  small  group  of  commodities. 

AVKRAGE  TYPES  OF  COMMODITIES  IN  WHICH  OVER- 
LOADING   OCCURS. 

Second  Connecticut  Census,   1921. 

Commodity  Overloads       Regular  Irregular 

Trucking  Trucking 

Apples  7                       7 

Bananas  8                       8 

Beer  18  15  3 

Butter  and  Eggs  6                        5  1 

Cocoa  Beans  6     .                 6 

Crockery  4                        3  1 

Drugs  9                        7  2 

Dry   Goods  9                        7  2 

Feed  4                        4 

Pish  10                        7  3 

Fruit  and  "Vegetables  17  15  2 

Furniture  20                        8  12 

Grapes  9                        5  4 

Groceries  61  46  5 

Household   Goods  22                        7  15 

Lumiber  13                        4  9 

Utharge  6                        6 

Machinery  5                        2  3 

Meat  Products  15  11  4 

Merchandise  9                        7  2 

Paper  4                      4 

Potatoes  4                       3  1 

Poultry  15  10  4 

Rubber   Goods  9             .           9 

Silk  10               ,10 

Sugar  18  12  6 

Tarvia  4                        3  1 

Vegetables  16  14  2 

Vinegar  5                        2  3 

Wire  8                        8 


Totals 


344 
Percentage 


257 
75% 


87 

25% 


Note — Products     overloaded     numbering     less     than     four 
cases  not  included   In   tabulation. 
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The  types  of  conimodities  in  \vhich-''overloads  occur 
per  capacity,  excludiug  all  commodities  in  which  the 
number  of  cases  of  overloads  are  less  than  four,  rango 
iroiu  apples  to  wire.  Of  tlie  cases  cited  75%  of  the 
overloading  was  practised  by  regular  trucking  vehi- 
cles. 

COMMODITY   LOADS   IN   EXCESS   OF   25,000    LB. 
Second    Connecticut    Census    1921 


Commodity 

Loads  1 

per  capacity 

Trucking    ' 

rrucking 

Brick 

2 

2 

2 

Butter 

1 

1 

1 

Cocoa    Beans 

6 

1 

5 

Drags 

1 

1 

Eggs 

1 

1 

1 

FiHiit 

6 

6 

6 

Glam 

1 

1 

1 

Groceries 

6 

6 

6 

Utharge 

3 

3 

3 

Meat 

2 

2 

2 

Plumbing  Supplies 

1 

1 

1 

Rul>ber 

5 

4 

4 

1 

.■^ugar 

8 

8 

5 

3 

Tarvia 

2 

2 

2 

Valves 

1 

1 

1 

Vegetables 

1 

1 

1 

Vinegar 

4 

.4 
43 

3 
44 

1 

Totals 

4» 

5 

PsTcenitage 

87-8% 

88.7% 

11.3% 

The  commodity  loads  exceeding  25,000  lb.  in  the  sec- 
ond Connecticut  census  include  sucli  articles  as  the 
table  above  indicates.  Of  the  total  number  in  excess 
of  25,000  lb.  gross  weight  87.8%  overloads  per  capa- 
city, and  88.7%  were  overloads  by  regular  trucking 
vehicles.  Thirty-nine  out  of  41  cases  were  loaded  from 
846  lb.  per  inch  of  tire  width  to  1,560  lb.  per  inch  of 
tire  width  on  the  rear  axle. 


RAILWAY  DEPARTMENT  FORMED  BY 

WISCONSIN  HIGHWAY  COMMISSION 

Through  the  formation  of  a  Railway  Department  as 
an  active  branch  of  the  Wisconsin  State  Highway  Com- 
mission, definite  recognition  has  been  given  to  the  ne- 
cessity of  careful  planning  in  tlie  relocation  of  high- 
ways and  expert  consideration  of  the  question  of 
eliminating  grade  crossings.  In  taking  this  step  Wis- 
consin has  again  demonstrated  its  fitness  in  assuming 
a  leading  position  as  a  good  roads  state.  For  years 
the  Wisconsin  system  of  concrete  roads  has  been  at- 
tracting the  attention  of  highway  officials  from  all 
parts  of  the  country,  while  the  splendid  system  of 
highway  marking,  originated  by  State  Highway  En- 
gineer, A.  R.  Hirst,  is  justly  famous. 

M.  W.  Torkelson,  former  bridge  engineer  for  the 
Wisconsin  commission,  has  been  placed  at  the  head 
of  the  new  Railway  Department.  His  work  will  be 
chiefly  connected  with  relocation  of  highways  and 
elimination  of  grade  crossings.  The  Wisconsin  au- 
thorities are  firmly  convinced  that  many  dangerous 
croflsings  can  be  eliminated  by  proper  steps  before  ex- 
pensive improvements  are  carried  out.  and  that  by 
caraful  relocation  many  of  these  crossings  can  be  abol- 
ished altogether.  Highway  oflTicials,  as  shown  by  the 
Wisconsin  innovation,  are   realizing  more  and  more 


that  the  duties  of  the  state  departments  include  not 
only  the  construction  of  good,  durable  roads,  but  pre- 
cautions for  the  safety  of  the  motoring  public  in  the 
way  of  separated  grades  and  properly  located  routes. 


WILL  TEST  ROAD  UNTIL  IT  FAILS 

During  the  week  beginning  March  27  the  Illinois 
Department  of  Public  Works  and  Buildings,  Division 
of  Highways,  will  by  means  of  a  fleet  of  trucks,  start 
the  loading  of  the  Bates  Experimental  Road,  located 
near  Springfield. 

The  test  road  was  started  in  the  summer  of  1920 
and  completed  early  in  1921.  It  is  about  two  miles  in 
length  and  includes  63  sections.  Each  section  dif- 
fers from  the  other  in  thickness,  material  of  which  it  is 
composed,  or  in  design  such  that  its  carrying  capacity 
might  be  affected.  It  is  expected  that  as  the  loads 
carried  by  the  trucks  are  increased,  many  if  not  all,  of 
the  sections  will  be  destroyed.  The  behavior  of  the 
various  sections  in  supporting  truck  loads  is  expected 
to  give  valuable  information  in  the  way  of  confirming 
or  disproving  theories  which  have  been  advanced  as 
to  the  load  supporting  capacity  of  pavements  of  differ- 
ent thickness  and  different  types. 

It  is  expected  that  the  testing  of  the  road  will  be 
continued  for  several  weeks  or  perhaps  months. 


Vigo  County,  Indiana,  plans  to  construct  15.5  mi.  of 
paved  roads  during  the  present  year,  according  to 
Robert  E.  Gibbons,  County  Engineer. 


Morgan  County,  Alabama,  recemtly  voted  a  $440,000 
road  bond  issue  and  will  soon  let  contracts  for  the 
improvement  of  a  large  mileage  of  country  highway;). 


Road  Work  in  Ouiachita  Parish,  Louisiana,  will  be 
supervised  by  a  committee  of  seven  citizens  recently 
appointed  to  hold  office  until  June  1,  1924.  Approxi- 
mately $1,600,000  will  be  spent  on  road  improvement 
in  Ouacliita  Parish  during  the  next  two  years. 


The  Widening  of  Washington  Street,  Portland,  Ore., 

is  recommended  by  O.  Laugaard,  City  Engineer.  He 
proposes  to  widen  the  street  15  ft.  on  eaclv  side  by 
arcading  the  first  stories  of  all  buildings. 


The  City  of  Trenton,  N.  J.,  will  soon  let  contracts 
for  paving  to  cost  approximately  $275,000.  The  pro- 
gram includes  new  construction  on  17  streets  and  re- 
paving  of  7  streets. 


The  Trenton,  N.  J.,  Department  of  Streets  is  con- 
ducting a  campaign  against  ice  cream  wagons  which 
allow  salt  water  to  drip  upon  the  city  streets,  result- 
ing in  damage  to  the  pavements.  Trenton  has  an 
ordinance  against  allo-vving  salt  water  to  drip  upon 
pavements. 
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GOOD  ROADS  AND  THE  FARMER 

Considerable  opposition  to  the  carrying  out  of  road 
programs  is  being  voiced  by  the  fanners  of  various 
states.  Elsewhere  in  this  issue  appears  an  article  by 
K.  L.  Hatch,  Assistant  Director  of  Agricultural  Educa- 
tion of  Wisconsin,  in  which  lie  protests  against  the 
issuing  of  any  more  bond  issues  in  that  state  and  ad- 
vocates the  construction  of  lower  types  of  roads. 

"In  Wisconsin,"  concludes  Mr.  Hatch,  "the  farm 
population  represents  approximately  50%  of  the  vot- 
ing power  of  the  state  and  55%  of  the  assessed  valua- 
tion. Approximately  80%  of  these  farmers  live  on  non- 
patrolled  lines.  This  group  represents,  therefore,  the 
large  majority  of  the  agricultural  class.  The  Wiscon- 
sin farmer  seldom  speaks  but  he  has  power  to  make 
himself  felt.  He  has  silently  supported  the  state 's  road 
building  program  and  will  continue  to  support  it — 
but  he  has  the  right  to  ask  'More  Miles  for  Less 
Money.'    His  demand  will  be  heard." 

While  GOOD  ROADS  does  not  share  the  opinion  of 
Mr.  Hatch,  his  article  is  printed  so  that  our  readers 
may  see  the  undercurrent  that  is  flowing  in  the  minds 
of  farmers  throughout  the  country.  The  value  of  farm 
products  has  declined  very  gi-eatly  during  the  past 
two  years,  yet  the  farmer's  taxes  have  increased.  Un- 
der these  conditions  such  a  reaction  against  road  con- 
struction may  be  expected.  "In  1919,"  says  Mr. 
Hatch,  "the  crop  of  the  United  States  had  a  farm 
value  of  16  billion  dollars.  The  crop  of  1920  was  worth 
scarcely  9  billion  dollars,  and  figures  just  announced 


by  the  U.  S.  Department  of  Agriculture  place  the  farm 
value  of  the  1921  crop  at  five  and  two-thirds  billion 
dollars." 

These  protests  on  the  part  of  farmers  in  various 
parts  of  the  country  must  not  be  considered  in  tlie  same 
light  as  were  their  opposition  to  the  road  movement 
a  score  of  yeara  ago.  At  that  time  the  value  of  good 
roads  was  not  appreciated;  but  since  that  time  the 
farmers  have  been,  educated  to  the  fact  that  improved 
roads  are  essential  to  their  welfare.  A  careful  study 
of  the  complaints  of  the  fanners  should  be  made. 

The  problems  of  highway  finance  are  becoming  more 
important  each  year.  States  and  counties  are  piling 
up  bonded  indebtedness  undreamed  of  a  few  decades 
ago.  To  get  the  most  returns  on  the  money  invested 
highway  officials  must  give  serious  thought  to  the  rais- 
ing and  expenditure  of  road  funds. 

Governor  Miller  of  New  York,  as  pointed  out  in 
this  column  previously,  has  advised  that  the  state  is- 
sue no  new  bonds  but  that  current  revenues  should  be 
increased  so  as  to  provide  sufficient  funds  to  carry 
out  its  road  program.  Approximately  one-third  of 
the  states  have  taxes  on  gasoline,  yet  a  large  amount 
of  revenue  can  be  raised  by  means  of  this  tax.  Many 
states  could  increase  their  motor  vehicle  fees  and  still 
others  could  increase  their  state  taxes.  By  securing 
the  maximum  revenue  possible  from  these  three  sources 
the  problems  of  many  states  would  be  greatly  simpli- 
fied. 


SNOW  REMOVAL  ON  RURAL  HIGHWAYS 

Before  the  advent  of  the  motor  vehicle  the  matter 
of  snow  removal  from  rural  highways  was  considered 
only  when  after  a  storm  a  section  of  road  was  impas- 
sable to  horses  and  sleds.  Even  then  the  work  was 
usually  done  by  persons  in  the  neighb(ft'hood  wlio  de. 
sired  to  communicate  with  the  outside  world.  But 
now,  with  more  than  ten  million  motor  vehicles  travel- 
ing on  the  nation's  highways,  the  problem  of  snow 
removal  is  very  real  and  each  year  grows  as  the  num- 
ber of  motor  vehicles  increase.  "The  amount  of  mon- 
ey to  be  spent  on  snow  removal,"  writes  C.  J.  Bennett. 
State  Highway  Commissioner  of  Connecticut  elsewhere 
in  this  issue,  "will  only  be  limited  by  the  value  of 
service  to  traffic.  The  work  is  done  for  the  purpose 
of  providing  facilities  for  the  motor  vehicle  and  should 
bo  included  in  the  taxes  on  the  motor  vehicle." 


UNUSUAL  ROAD  TESTS  IN  ILLINOIS 

As  noted  elsewhere  in  this  issue,  a  fleet  of  loaded 
trucks  will  start  traveling  over  the  Bates  Experimental 
Road  in  Illinois  and  the  loads  will  be  increased  until 
a  number  of  the  sections  comprising  the  road  fail.  This 
road  has  63  sections  of  pavements,  varying  in  design 
and  materials.  The  behavior  of  the  different  sections 
will  be  observed  under  the  action  of  the  heavy  trucks 
and  it  is  expected  that  considerable  valuable  data  will 
be  collected. 
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Snow  Removal  on  Country  Highways' 


By   O.  J.   BENNETTt 


The  purpose  of  the  following  discussion  is :  Bfeit,  to 
justify  the  need  of  snow  removal  from  highways  out- 
side of  municipalities;  second,  to  discuss  the  methods 
employed  up  to  the  present  time  in  carrying  out  this 
work,  pointing  out  the  weaknesses;  and  third,  to  out- 
line in  general  a  suitable  organization  to  eflBciently  re- 
move snow  on  inter-urban  highways  where  traffic  may 
expect  service  from  the  highway  for  365  days  in  the 
year. 

Highway  engineers  today  are  firmly  convinced  that 
the  motor  vehicle,  whetlier  passenger  or  commercial, 
has  a  very  definite  place  in  the  transportation  scheme 
of  the  country;  that  the  magnitude  of  operation  of 
these  motor  vehicles  varies  widely  in  different  sections, 
but  that  there  is  hardly  any  place  in  the  United  States 
where  motor  transport  is  not  a  material  factor  in  the 
delivery  of  passengers  and  freight. 

These  locations  vary  in  importance  on  account  of 
the  character  of  business  done  or  the  class  of  com- 
modity handled.  In  certain  sections  of  the  country 
where  manufactured  products  are  the  main  articles  of 
commerce,  the  motor  truck  for  the  transportation  of 
freight,  or  the  passenger  car  for  the  transportation  of 
pa.ssenger8,  in  order  to  fill  its  proper  sphere  must,  of 
necessity,  be  operated  during  the  entire  year,  or  with 
only  such  minor  delays  or  discontinuances  as  may  be 
easily  taken  care  of  by  a  short  ces.sation  of  business. 

If  business  were  arranged  with  regard  to  climate, 
some  of  the  problems  of  the  highway  engineer  as  re- 
gards snow  removal  would  be  materially  simplified, 
but  it  is  intecesting  to  know  that  at  least  in  certain 
sections  of  the  country  one  hundred  per  cent  motor 
transportation  is  demanded,  and  in  these  sections,  at 
certain  times,  snow  falls  in  varying  quantities  and'the 
problem  of  the  engineer  in  its  removal  becomes  a  mat- 
ter of  very  serious  import. 

Neglecting  the  argument  that  the  removal  of  snow 
is  of  material  benefit  in  the  maintenance  of  the  high- 
way because  the  effect  of  removal  on  maintenance  is 
slight,  we  must  consider  carefully  the  value  of  snow 
removal  per  se.  No  matter  what  we  may  say  regard- 
ing highways  or  how  much  we  may  disregard  traffic, 
one  of  the  fundamental  principles  of  highway  engineer- 
ing must  be  that  the  road  is  built  for  the  purpose  of 
carrying  traffic.  Such  a  statement  at  first  glance  seems 
unnecessary  and  ridiculous,  yet  there  are  those  of  as 
who  at  times  would  fain  build  a  road  simply  for  the 
purpose  of  performing  an  excellent  piece  of  construc- 
tion and  for  no  other  purpose.  Such  men  are  thoso 
who  entirely  disregard  the  accommodation  of  traffic 
daring  construction  or  who  make  the  inevitable  remark 

•P*per    pfMented    at    Eighth    Annual    Conference    on 
Highway   Engineering;   of   the   Unlverglty  of   Michigan. 
tSUte  H1gbw»r  Commissioner  of  Connecticut. 


that  in  cases  of  snow  storms:  "Let  the  public  stay 
home  or  use  the  trolleys." 

Having  established  a  system  of  transportation  de- 
pendent partially  upon  the  motor  vehicle  transporta- 
tion, it  would  seem  almost  an  axiom  that  every  pos- 
sible effort  should  be  made  to  provide  for  the  opera- 
tion of  this  class  of  traffic  at  all  times. 

Previously,  we  have  had  little  or  no  knowledge  re- 
garding tlie  value  of  the  road  in  actual  units  of  cost. 
It  has  been  easy  heretofore,  almost  universally  to  pro- 
vide other  means  of  transportation  when  snow  fell, 
but  there  are  certain  sections  of  the  country,  notably 
that  from  which  the  writer  comes,  where  the  use  of 
motor  vehicles  cannot  be  discontinued  without  serious 
inconvenience  to  the  public.  May  we  not  say,  there- 
fore, in  closing  this  discussion  that  indications  seem  to 
prove  that  snow  removal  is  necessary  in  those  loca- 
tions where  motor  vehicle  transport  has  become  a  neces- 
sary factor  in  the ' commercial  life  of  the  community? 

The  added  convenience  to  those  who  use  the  roads  for 
passenger  purposes  for  their  own  comfort  or  conveni- 
ence, while  not  a  commercial  or  economic  factor,  is 
certainly  something  to  be  taken  into  serious  considera- 
tion. In  other  words,  it  may  be  justifiable,  speaking 
in  practical  terms,  to  expend  up  to  $300  per  mile  in 
order  tliat  the  motor  vehicle  may  get  full  use  of  the 
road  instead  of  50  to  60%  of  the  use.  This  statement  is 
further  supported  by  the  fact  that  in  almost  every  in- 
stance of  proper  highway  financing,  we  find  the  motor 
vehicle  paying  through  license  fees  a  sufficient  amount 
of  money  to  demand  a  100%  service  from  the  roads,  or 
a  reduction  in  license  fee  in  proportion  to  the  time  dur- 
ing the  use  of  the  roads  may  be  discontinued. 

Methods  at  Present  in  Vogue 

We,  all  of  us,  are  more  or  less  familiar  with  the 
liaphazard  methods  of  snow  removal  employed,  except- 
ing in  certain  instances,  and  arc  familiar  with  tlie 
failures  of  these  haphazard  methods  in  particular 
cases.  There  are  places,  here  and  there,  wliere  snow 
removal  has  attained  an  important  place  in  the  work 
of  the  Department  having  in  charge  the  maintenance  of 
highways,  but  these  departments  are  still  in  the  min- 
ority, and  the  methods  employed  generally  are  insuffi- 
cient and  expensive. 

Based  on  the  previous  discussion  of  the  need  for 
snow  removal  and  giving  due  weight  to  the  importance 
and  magnitude  of  the  work  to  be  done,  particularly  in 
the  snow  belt  regions,  we  must  admit  that  the  problem 
of  snow  removal,  if  worthy  of  serious  consideration, 
should  be  given  such  study  as  to  provide  the  proper 
method  applicable  to  the  location  in  which  the  work 
.should  be  done. 

Ideal  methods  of  snow  remove!  are,  of  courae,  im- 
possible to  define  excepting  in  a  general  way.    Certain 
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principles  should  be  laid  down,  in  order  that  the  work 
may  be  successful,  we  must  provide  for  speed.  The 
attack  must  be  sudden  and  continuous  until  the  work  is 
fiiiished.  This  means  expense  and  a  sacrifice  of  effi- 
ciency. 

In  general,  the  problem  of  snow  removal  varies  be- 
tween extremely  Avide  limits.  There  are  those  sections 
where  the  fall  is  light  in  total,  but  where  occasionally 
heavy  snowfalls  occur.  In  these  sections,  provision 
must  be  made  for  the  complete  removal  of  snow  from 
iuterurban  highways,  for  in  these  seetons  the  use  of 
sleighs  is  practically  unknown. 

From  this  class  of  locality  to  the  other  extreme  is  a 
long  jump,  the  other  extreme  being  the  places  where 
snow  fall  is  heavy  and  continuous  and  vehicular  traffic, 
excepting  over  very  much  restricted  distances,  is  im- 
necessary  of  coiLsideration.  In  these  localities,  when 
v.inter  comes,  the  use  of  the  motor  vehicle  much  be 
dispensed  with  unless  its  use  becomes  so  important  as 
to  provide  for  heavy  and  continuou.s  opei'ations  in 
snow  removal. 

The  prediction  is,  however,  made  that  on  no  main 
highway  in  the  United  States,  with  the  exception  of 
these  places  located  at  high  altitudes,  will  we  fail  to 
remove  snoAV  for  motor  vehicle  traffic  in  the  course  of 
the  next  ten  years. 

Organization 

As  regards  the  organization  for  carrying  on  the 
work,  this  should  be  formed  generally  around  the  or- 
ganization having  in  charge  the  maintenance  of  the 
highway  system.  In  general,  the  men  used  in  the 
summer  time  for  maintenance  purposes  may  be  sub- 
ject to  call,  and  the  regular  salaried  personnel  be  used 
for  supervising  the  work.  In  eases  of  extreme  stress 
and  emergency,  advantage  can  be  taken  of  local  or- 
ganizations or  of  contractors  having  special  sources  of 
labor  or  equipment.  The  work  should  be  organized  so 
that  the  necessary  equipment  is  available  at  conveni- 
ent points  ready  to  go  to  work  within  a  short  distance 
oE  the  point  of  storage.  The  work  should  be  started 
immediately  upon  the  commencement  of  the  snowfall 
of  any  magnitude.  In  many  instances,  the  snow  will 
stop  falling  very  soon,  and  some  of  the  work  will  be 
wasted,  but  the  advantages  in  the  cases  of  extreme 
snowfalls  of  having  the  jump  on  the  job  will  more  tiian 
offset  any  loss  due  to  work  being  done  when  unneces- 
sary. 

The  organization  should  be  reliable,  well  trained 
with  a  knowledge  of  the  job  and  with  sufficient  con- 
fidence in  itself  to  carry  on  the  work  if  the  ordinary 
methods  of  communication,  such  as  the  telegraph  or 
telephone  fail.  In  other  words,  each  man  should  know 
his  job,  be  ivilling  to  take  the  responsibility  of  carry- 
ing on  the  work  to  completion  and  be  subjected  to 
little,  if  any,  blame  if  he  makes  serious  mistakes,  if 
these  mistakes  are  honestly  made. 

The  skeleton  organization  should  be  such  that  it 
covers  the  entire  territory  to  be  treated.     Thery  should 


be  sufficient  equipment  available  to  do  the  job  within 
a  reasonable  time  and  to  do  the  job  under  maximum 
conditions  rather  than  xinder  average  conditions.  In 
other  wprds,  a  great  amount  of  equipment  should  be 
available  and  is  absolutely  necessary.  This  equipment 
should  be  in  the  very  best  of  condition,  housed  in 
convenient  and  warm  places,  particularly  in  the  case 
of  motor  trucks,  so  that  it  may  take  the  character  al- 
most of  a  fire  department  subject  to  call  in  emergency 
and  ready  for  the  call  without  fail.  This  organization 
should  be  ready  at  any  time,  day  or  night. 

No  matter  how  large  an  organization  may  be  at- 
tained, it  will  never  be  large  enough  to  attack  the 
problem  of  snow  removal  simultaneously  at  all  points 
so  as  to  clear  the  snow  from  all  roads  at  the  same 
time.  In  general,  the  problem  resolves  itself  to  those 
sections  of  highway  which  are  more  important  and 
upon  which  the  traffic  may  rightfully  expect  to  pass 
within  a  reasonable  time  after  the  snowfall.  In  cases 
of  continuous  snowfall,  it  may  be  that  the  secondary 
routes  will  have  to  be  neglected  and  traffic  concen- 
trated on  the  main  routes. 

In  getting  ready  for  the  snow,  we  should  take  into 
consideration  the  cooperation  with  the  United  States 
Weather  Bureau;  but  it  is  well  not  to  rely  too  fully 
upon  these  rejwrts  because  in  many  instances  we  have 
had  snow  storms  which  were  not  foi'etold  by  the 
Weather  Department,  although  in  general  the  service  . 
is  of  great  value,  supplementing  our  own  efforts,  par- 
ticularly in  cases  of  extreme  storms. 
Methods 

Apparatus  for  the  removal  of  snow  from  interurban 
high-ways  should  possess  the  vital  quality  of  speed  of 
movement.  Such  apparatus  should  be  strong,  rugged 
ill  construction,  kept  in  good  condition,  and  should  be 
operated  by  men  skilled  in  its  use. 

Inasmuch  as  the  motor  vehicle  demands  attention  in 
traffic  and  is  available  in  large  numbers  for  work,  par- 
ticularly in  the  winter  time,  there  is  probably  no  more 
valuable  agent  for  snow  removal  on  highways  than 
the  motor  vehicle  with  supplementary  equipment. 

Motor  trucks  have  added  advantage  of  being  avail- 
able for  other  purposes  in  the  other  seasons  of  the 
year,  and  does  not  call  for  such  a  large  investment  in 
plant  as  would  be  necessary  if  machinery  were  pur- 
chased for  snow  removal  alone. 

The  degree  of  snow  removal  depends  upon  the  class 
of  traffic  to  be  accommodated,  which  has  been  sug- 
gested above.  Where  traffic  is  diverse  in  character, 
there  will  be  a  constant  strife  between  horse-drawn 
vehicles  and  the  motor  interests  as  to  whether  the 
road  shall  be  suitable  for  wheel  traffic  or  for  horses. 
In  general,  a  traffic  census  will  determine  very  quickly 
which  is  the  more  important  of  these  two  agencies  to 
accommodate,  and  the  degree  of  removal  can  be  meas- 
ured by  the  magnitude  of  use  of  one  or  the  other  class 
of  traffic.  The  width  of  removal  depends  again  upon 
the  amount  of  traffic  to  be  accommodated,  but  in  gen- 
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eral,  on  heavily  traveled  routes,  at  least,  a  sufficient 
width  for  two  lines  of  vehicles  should  be  cleared,  and 
if  possible,  snow  pushed  back  during  earlier  snowfalls 
so  that  future  snow  may  be  more  easily  disp9sed  of. 
In  certain  instances,  snow  paths  may  be  provided  on 
the  side  of  the  road  to  accommodate  horse-drawn  traf- 
fic which  otherwise  would  be  seriously  discommoded. 

Apparatus 

Apparatus  for  snow  removal  has  not  been  developed 
as  fast  as  the  motor  vehicle  itself.  This  statement,  of 
course,  is  also  true  regarding  the  development  of  the 
highway  systems.  In  general,  the  work  of  the  high- 
way engineer  has,  of  necessity,  lagged  behind  the 
needs  of  transportation,  simply  because  the  general 
public  has  not  been  alive  to  the  value  of  this  method 
of  accommodating  traffic.  Consequently,  we  are  faced 
in  the  removal  of  snow  with  the  same  problem  that 
we  are  in  the  construction  and  maintenance  of  high- 
ways. "We  have  not  developed  our  methods  sufficient- 
ly to  provide  for  snow  removal,  nor  have  we  designed 
and  constructed  apparatus  of  a  character  to  properly 
do  the  job. 

In  general,  as  outlined  previously,  the  methods  em- 
ployed have  been  haphazard,  and  advantage  has  been 
taken  of  the  equipment  available  such  as  horses,  oxen 
and  plows,  hauled  or  pushed  by  trucks,  but  the  time 
must  come  when  special  mechanical  devices,  capable  of 
attaching  to  motor  trucks,  or  even  operated  under 
their  own  power,  must  be  designed  for  the  puriwse 
of  snow  removal.  The  use  of  animals  for  snow  removal 
purposes  should  receive  only  a  remark  in  passing  that 
in  certain  sections  of  the  country,  the  use  of  draft 
animals  will  always  be  of  value  in  this  work,  but  on 
interurban  highways  where  the  roads  must  be  opened 
quickly  for  vehicular  traffic,  the  use  of  animals  is 
obsolete. 

Modem  snow  removal  naturally  means  tlie  use  of 
mechanical  apparatus  operated  by  gasoline  motors; 
in  other  words,  the  truck  with  appliances  attached, 
before  or  behind,  or  with  a  high  class  of  mechanism 
designed  particularly  for  the  purpose  of  removal  of 
snow.  A  great  deal  of  advance  has  been  made  in  the 
design  and  construction  of  this  class  of  apparatus.  At 
the  present  time,  probably  the  most  successful  mechan- 
ical device  and  the  most  universally  used  is  the  scraper 
blade  attached  in  front  of  a  motor  truck  and  set  at 
an  angle,  used  for  the  purpose  of  pushing  the  snow 
from  one  side  to  the  other.  Such  a  truck  can  be 
operated  with  continuous  shifts  of  men  if  kept  in 
good  mechanical  condition,  and  do  an  enormous  amount 
of  work,  working  24  hours  a  day,  even  up  to  seven 
days  a  week. 

Spare  parts  and  repair  facilities  mast  be  available, 
especially  where  the  truck  is  used  thus  continuously. 
The  number  of  thew^  trucks  to  be  u.sed  will,  of  course, 
depend  upon  the  degree  of  snowfall  and  the  amount 
of  work  to  be  done. 

In  general,  the  truck  will  propably  clean  a  reason- 


able snowfall  on  2  mi.  of  road  in  24  hours,  but  in 
certain  instances,  the  truck  will  be  stalled  so  that  i^ 
■will  only  do  a  very  small  portion  of  this  work  in 
the  case  of  an  extremely  heavy  or  wet  snow- 
fall. 

In  our  section  of  the  country,  the  weight  of  the 
snow  varies  between  very  wide  limits.  The  light  snow 
weiglung  from  12  to  14  lb.  per  cubic  foot  will  often 
begin  followed  immediately  by  a  fall  of  snow  from  22 
to  24  lbs.  per  cubic  foot. 

The  apparatus  for  removal  must  be  designed  to 
handle  the  heavier  snow,  and  yet  must  be  operated 
carefully  in  the  light  snow  to  obviate  breakages.  The 
advantage  of  using  the  motor  truck  with  the  plow 
in  front  is,  of  course,  that  the  truck  may  be  used  for 
other  purposes  in  the  summer  time.  The  disadvantage 
is  that  the  use  of  the  truck  for  snow  removal  has  a 
serious  effect  on  the  efficiency  and  life  of  the  truck 
itself,  especially  when  used  for  other  purposes  at 
other  times.  It  is  the  opinion  of  the  speaker  that  if 
the  truck  is  used  for  a  combination  of  snow  removal 
and  ordinary  maintenance  work,  it  should  be  charged 
up  with  33%  depreciation  each  year.  In  other  words, 
the  truck  will  be  used  up  at  the  end  of  three  years. 

The  use  of  this  equipment  is  restricted,  of  course, 
to  roads  which  have  a  reasonably  hard  surface  and 
during  snowfalls  which  are  not  seriously  drifted.  The 
drifting,  of  course,  may  be  prevented  by  promptness  in 
execution  during  the  snowfalls  or  the  proper  installa- 
tion of  snow  fences  at  danger  points.  Drifts  may  bo 
removed  or  broken  out  by  the  use  of  tractors  with 
plows  in  front  or  behind.  In  general,  the  placing  of 
the  plow  before  the  truck  provides  better  footing  for 
the  wheels,  or  traction  device  much  better  than  if  the 
scraper  or  plow  were  pulled. 

As  we  get  into  the  niceties  of  snow  removal,  we  will 
liowever,  find  a  use  for  other  apparatus,  some  of  it 
of  the  ordinary  type,  and  much  of  it  especially  de- 
signed. 

In  order  to  start  a  discussion  on  this  matter,  it  is 
the  firm  opinion  of  the  writer  that  no  method  of  snow 
melting  or  snow  compression  will  ever  be  successfully 
operated  due  to  the  tremendous  amount  of  heat  or 
power  necessary  to  melt  the  ,snow  and  to  the  prob- 
able defects  due  to  freezing  or  choking  of  the  appara- 
tus itself,  so  that  this  discussion  will  neglect  abso- 
lutely devices  of  this  character  and  will  confine  itself 
principally  to  the  mechanical  means  of  removing  snow 
in  practically  the  same  manner  that  earth  is  moved, 
although  the  material  is  of  less  weight  per  unit. 

Viewed  as  an  earth  removal  proposition,  the  appara- 
tus designed  for  the  removal  of  earth  would  be  ap- 
plicable to  snow,  excepting  that  the  quantities  of  snow 
to  be  moved  would  be  extremely  large,  and  the  allow- 
able cost  per  unit  must  be  very  low,  so  that  the  de- 
vices for  snow  removal  must  be  designed  to  handle 
quiekly  large  quantities  at  a  time  and  distribute  the 
material  in  waste  places  without  particular  regard  to 
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appearance.  Consequently,  the  ordiiiavy  earth  removal 
devices  are  inadequate  because  they  are  designed  to 
carry  heavy  material,  but  modifications  of  these  de- 
vices can  be  made  to  be  accommodated  to  the  handling 
of  snow. 

Modifications  of  the  conveyor,  loader,  the  steam 
shovel  and  the  steam  excavator  can  be  made  so  that 
these  can  be  applied  to  snow  removal.  Several  types 
which  indicate  a  study  on  the  part  of  the  manufacturers 
ox  equipment  have  been  manufactured  here  and  there 
realizing  the  magnitude  of  the  snow  removal  problem. 
We  are  familiar  with  the  centrifugal  plow  which 
has  been  used  in  Canada.  The  difficulty  with  this 
machine  is  that  it  is  only  hauled  by  horses  and  is 
restricted  to  the  speed  at  which  horses  can  travel.  It 
disposes  of  the  snow  by  throwing  it  up  in  the  air  and 
deflecting  it  on  the  sides  of  the  road;  and  in  this  re- 
spect, it  is  useful  on  interurban  highways.  The  width 
of  path  cut  is  narrow,  and  the  radius  of  operation 
limited.  Possibly  some  modification  of  this  machine 
using  a  motor  vehicle  instead  of  horses  for  the  trac- 
tive agent  may  be  devised. 

Other  snow  removal  machinery  of  special  character 
is  as  follows: 

The  snow  tank  which  collects  large  quantities  of 
snow  in  a  receptacle  and  loads  it  into  trucks  or  carts. 
Such  a  machine  is  of  great  value  in  the  city  and  may 
be  applied  to  tthe  removal  of  snow  in  country  districts. 
Then,  we  have  a  rotary  broom  similar  to  those  oper- 
ated by  the  trolley  companies,  which  is  operated  by  a 
special  motor  being  set  at  an  angle  and  being  revolved 
in  the  opposite  direction  to  the  wheels  of  the  truck 
so  as  to  throw  snow  forward  and  to  the  side.  The  ex- 
pense of  installing  these  machines  is,  so  far,  the  only 
drawback  to  their  operation  which  can  be  justified  in 
certain  instances  where  the  desire  or  demand  for  snow 
removal  is  more  insistent. 

There  are  other  devices  which  are  on  the  market  at 
the  present  time  and  which  are  subject  to  examination. 
The  writer  has  attempted  to  get  information  together 
regarding  all  the  apparatus  manufactured  for  snow 
removal  purposes,  and  has  seen  quite  a  few  advertise- 
ments and  catalogs,  none  of  which,  however,  seem  to 
be  in  a  condition  to  admit  of  very  much  discussion. 
There  is,  of  course,  the  snow  compressing  machinery. 
There  is  a  snow  removal  machine  which  consists  of  a 
continuous  belt  with  cutting  baffles  operated  at  a  high 
speed  by  independent  motor.  There  are  rotary  plows 
and  deflective  plows  of  all  kinds,  but  none  of  these 
have  come  to  the  point  where  they  can  be  successfully 
used.  These  are  simply  mentioned  for  purposes  of 
discussion. 

All  our  statements  previously  have  been  made  look- 
ing toward  the  removal  of  snow.  "We  must  not  close  a 
discussion  of  this  kind  without  making  mention  of 
the  absolutely  important  need  of  taking  measures  for 
the  prevention  of  snow  drifts  by  the  erection  of  snow 
fences  or  the  removal  of  obstructions  such  as  weeds 


liedgc's,  board  fences  or  anything  of  temporary  char- 
acter which  will  tend  to  cause  snow  drifts  within  the 
traveled  portion  of  the  highway. 

Like  the  problem  of  snow  removal  the  installation  of 
snow  fences  requires  forethought.  It  should  not  be 
left  until  the  snow  falls.  Snow  fences  should  be  up 
before  there  is  any  possibility  of  snow  drifts,  and 
should  remain  in  place  by  arrangement  with  abutting 
property  owners  until  the  possibility  of  snow  has 
ceased.  Snow  fences  can  easily  and  cheaply  be  de- 
signed. There  is  no  necessity  of  going  into  detail  re- 
garding the  type  of  snow  fence  to  be  constructed.  The 
location  of  the  fence,  however,  is  a  vitally  important 
factor. 

In  conclusion,  let  it  be  said  that  snow  removal  is  a 
very  real  problem  with  state  highway  department 
maintenance  crews ;  that  it  will  be  a  very  real  problem 
and  increase  in  magnitude  as  long  as  we  have  motor 
vehicles ;  that  the  amount  of  money  to  be  expended  on 
snow  removal  will  only  be  limited  by  the  value  of 
service  to  trafSc;  that  the  cost  of  snow  removal  vnll 
vary  from  $50  to  $250  per  mile,  and  in  cases  of  ex- 
treme snowfall,  the  cost  may  run  even  higher.  Much 
of  the  work  is  thrown  away,  discouraging,  and  must 
be  done  over  again.  The  permanent  results  are  prac- 
tically nothing.  The  work  is  done  for  the  purpose  of 
providing  facilities  for  the  motor  vehicle  and  should 
be  included  in  the  taxes  on  the  motor  vehicle. 

From  an  experience  lasting  over  a  considerable  num- 
ber of  years  in  the  fighting  of  snow,  the  writer  has 
reached  the  point  where  he  is  extremely  disturbed  when 
the  snow  begins  to  fall,  because  it  costs  money  to  re- 
move and  the  money  might  just  as  well  be  thrown 
away  for  all  the  effect  the  greater  share  of  the  expen- 
diture has  on  the  condition  of  the  roads  in  the  future. 


MOTOR  VEHICLES  INCREASE 

Approximately  one  million  more  vehicles  were  reg- 
istered in  the  United  States  in  1921  than  in  1920,  ac- 
cording to  figures  prepared  by  the  U.  S.  Bureau  of 
Public  Roads.  Nearly  $125,000,000  was  collected  in 
motor  vehicle  fees  during  1921. 


The  Board  of  Revenue  of  Jefferson  County,  Alabama, 

recently  authorized  the  construction  of  six  roads  at  a 
total  cost  of  $550,000  and  bids  will  soon  be  received 
for  the  work.  The  program  includes  12  mi.  of  bitu- 
minous to  top  on  reconstructed  base;  27  mi.  of  chert 
roads,  and  11  mi.  of  grading. 


The  Virginia  State  Highway  Department  has  started 
work  of  improving  the  road  between  West  Norton  and 
Appalaehia  with  convict  labor.  The-  grade  will  be  re- 
duced, a  number  of  sharp  curves  eliminated  and  the 
road  widened  to  16  ft.  Surveys  are  also  being  made 
on  the  road  between  Norton  and  West  Norton  and  the 
contract  for  paving  with  concrete  will  be  let  shortly. 
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Good  Roads  and  the  Farmer* 


By  K.   L.  HATCMt 


Henry.  Ford  forced  the  good  roads  issue  and  in  the 
years  to  come  the  spirit  of  Henry  Ford  will  stand 
guard  over  it  for  all  time.  To  the  Wisconsin  High- 
way CoiiuniaBion  belongs  the  credit  for  the  outline  of 
a  good  roads  program  which  has  placed  Wisconsin 
among  the  progressive  states  of  the  country.  Both 
plan  and  progress  reflect  the  superior  intelligence, 
foresight  and  vision  of  Wisconsin  farmers.  They  have 
contributed  liberally  to  the  building  and  maintenance 
of  good  roads  and  have  willingly  submerged  their  in- 
dividual interests  for  the  good  of  the  whole.  This  has 
made  possible  a  trunk  line  system  maintained  by  effi- 
cient patrols  connecting  the  principal  trade  centers  of 
the  state.  All  this  is  good  and  as  it  sliould  be  and 
from  these  basic  policies  no  intelligent  Wisconsin  far- 
mer dissents. 

But  we  have  now  reached  a  turning' point  in  our 
economic  life  when  it  behooves  all  those  engaged  in 
public  service  to  face  the  stern  facts  of  economic  de- 
pression and  its  disastrous  consequences.  In  1919  Wis- 
consin spent  in  round  numbers  10  million  dollars  for 
good  roads;  in  1920,  15  million  dollars;  in  1921,  25 
million  dollars.  Daring  the  same  time  the  buying 
power  of  the  farmer  steadily  declined.  In  1919  the 
crops  of  the  United  States  had  a  farm  value  fo  16  bil- 
lion dollars.  The  crop  of  1920  was  worth  scarcely  9 
billion  dollars,  and  figures  just  announced  by  the  U.  S. 
Department  of  Agriculture  place  the  farm  value  of  the 
1921  crop  at  5  2-3  billion  dollars.  Similar  declines  are 
shown  in  live  stock  values  and  while  Wisconsin  farm- 
eng  may  not  have  suffered  in  the  same  degree  as  those 
of  other  states,  yet  they  have  felt  very  keenly  the  re- 
sults of  price  decline. 

Thus  we  see  that  while  expenditures  for  good  roads 
have  more  than  doubled  in  three  years,  during  those 
selfsame  years  the  farmers'  buying  power  upon  which 
his  tax-pajring  ability  depends  has  been  reduced  to 
one-third  its  size.  Interpreted  in  terms  of  crops  and 
live  stock,  good  roads  taxes  are  approximately  seven 
times  ae  high  as  they  were  three  years  ago.  In  other 
words,  it  takes  seven  times  as  many  hogs  and  milk 
cows  or  acres  of  tobacco  to  pay  the  farmer's  share  of 
the  good  roads  bills  as  it  did  three  years  ago. 

On  top  of  this,  $37,000,000  has  been  added  to  the 
bonded  indebtedness  of  19  counties  in  the  state.  Pro- 
vision must  be  made  for  meeting  the  interest  on  these 
bonds,  when  issued,  and  for  their  retirement  which 
can  only  come  from  taxes.  Bulletin  No.  8  of  the  Tax 
Commission  shows  a  tax  expenditure  for  all  purposes 
fa  Wisconsin  for  1920  of  over  112  million  dollars,  an 
Increase  of  26  million  dollars  in  two  years.  Clearly 
this  cannot  go  on.  We  can  not  continue  to  expand 
•P*p«T  prMeBt«d  at  Wisconsin  Road  School. 
tAsslstant  IMreetor  of  Airrlcultural  Bxtenslon  of  WIb- 
eonsin. 


our  road  building  program  along  the  lines  of  our  pres- 
ent policies  in  the  face  of  these  conditions,  yet  Wis- 
consin fanners  demand  better  roads  and  more  of  them. 
It  is  evident  that  we  must  gat  more  miles  for  less  dol- 
lars and  paradoxical  as  it  may  seem  the  thing  can 
be  done.    For  the  next  few  years  our  slogan  must  be 

"More  Miles  for  Less  Money" 
But  how  'i    The  first  step  has  already  been  taken  by 
the  State  Highway   Commission  when  it   refused  to 
award  contracts  at  present  prices.    Listen  to  the  ad- 
vice of  your  farmer  friends. 

1.  Cut  down  hard  surfaced  construction  to  an  abso- 
lute minimum  until  the  costs  of  this  construction 
reaches  the  same  level  of  prices  that  the  farmer  re- 
ceives for  his  products.  Any  large  amount  of  hard- 
surfaced  road  construction  at  this  time  is  unwarranted 
and  wasteful. 

2.  Make  re-locations  only  when  necessary  and  when 
some  large  returns  is  to  be  obtained.  Somehow  Wis- 
consin farmers  have  come  to  feel  that  roads  have  been 
laid  out  from  the  standpoint  of  the  engineer  without 
due  regard  to  construction  cost,  or  agricultural  values. 
Much  unnecessary  expense  can  be  avoided  and  mucli 
fertile  land  saved  to  production  if  the  farmer's  needs 
as  well  as  those  of  the  motorist  are  considered  in  all 
re-locations. 

3.  Build  more  gravel  roads.  The  farmer  lias  seen 
the  comparative  values  of  these  roads.  He  knows 
their  relative  cost  and  he  sees  in  them  the  largest  op- 
portunity to  get  more  miles  for  less  money.  He  is  de- 
manding more  gravel  roads. 

4.  Extend  the  patrol  system.  Wisconsin  farmers  are 
thoroughly  converted  to  the  value  of  our  state's  patrol 
system  and  they  demand  its  extension.  Tliis  demand 
comes  of  course  from  those  living  "off"  the  trunk 
lines.  They  know  what  some  members  of  the  state's 
highway  forces  seem  to  have  forgotten,  that  "a  chain 
i.s  no  stronger  than  its  weakest  link,"  and  che  highway 
cliain  leading  from  their  farms  to  town  can  carry  no 
heavier  load  than  can  be  gotten  through  the  deepest 
mud-hole  on  this  road.  The  patrol  man  constantly 
on  the  job  looks  after  these  weak  links. 

5.  Start  more  permanent  improvements.  An  exten- 
sion of  the  patrol  system  to  cover  other  than  trunk 
lines  means  that  permanen^;  improvements  must  be 
begun  before  patrol  can  be  m'ade  effective.  Such  roads 
must  first  he  drained  and  j)roperly  graded.  Hills  must 
be  cut  down  and  hollows  filled  up.  The  grade,  once 
established,  remains  as  a  permanent  improvement  for 
all  time.  As  means  permit  these  grades  can  be  grav- 
eled or  macadamized  or  hard-surfaced  as  necessity  re- 
quires but  they  are  absolutely  necessary  to  effective 
patrol. 

6.  Give  more  attention  to  feeder  roads.    Many  Wis- 
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consin  fanners  feel  that  the  weakest  link  in  the  chain 
of  highways  to  their  principal  market  is  the  feeder 
roads  between  the  side  roads  and  the  trunk  lines.  The 
wettest,  muddiest,  most  nearly  impassible  spots  in  our 
whole  highway  system  often  lie  within  ten  feet  of 
state  trunk  lines.  Farmers  attribute  this  neglect  of 
thicr  rights  to  the  habit  of  mind  of  the  engineer  whose 
one  idea  seems  to  be  to  get  the  motorist  from  "here 
to  there"  in  the  shortest  possible  time  over  a  state 
trunk  line.  The  farmer  wants  to  "get  there"  too,  but 
it  is  necessary  for  him  to  get  on  the  line  before  he  can 
possibly  get  there. 

Summary 
Wliat  the  farmer  wants  then  is  adherence  to   the 
following  program  of  "more  miles  for  less  money." 

1.  No  more  bond  issues  for  hard  surface  road  build- 
ing and  a  minimum  of  costly  construction  until  prices 
descend  to  his  level. 

2.  No  re-locations  except  when  absolutely  necessary. 

3.  More  gravel  roads. 

4.  More  patrolled  roads. 

5.  More  permanent  improvements  of  non-trunk 
roads. 

6.  Better  feeder  roads. 

In  "Wisconsin  the  farm  population  represents  ap- 
proximately 50%  of  the  voting  power  of  the  state  and 
55%  of  the  assessed  valuation.  Approximately  80% 
of  these  farmers  live  on  non-patrolled  lines.  This 
group  represents,  therefore,  the  large  majority  of  the 
agricultural  class.  The  "Wisconsin  farmer  seldom  speaks 
but  he  has  power  to  make  himself  felt.  He  has  silently 
supported  the  state's  road  building  program  and  will 
continue  to  support  it — but  he  has  the  right  to  ask 
"More  Miles  for  Less  Money."  His  demand  will  be 
heard. 


MORE  ROADS  ARE  NECESSARY 

SAYS  A  NEBRASKA  FARMER 

"Roads  are  of  such  importance  that  they  may  be 
compared  to  our  lives;  they  are  both  good  and  bad; 
they  are  smooth,  even,  level,  wide  and  full;  they  are 
hilly,  narrow  and  winding;  dangerous,  shadowy  and 
bright ;  and  they  show  the  effects  of  environment  and 
care,  even  as  we.  They  are  the  means  of  our  life,  for 
over  them  passes  the  food  which  must  keep  the  people 
of  the  cities  alive,"  writes  a  farmer  in  the  Nebraska 
Department  of  Public  Works  Monthly  Report. 

"Without  roads  cities  could  not  survive,  and  coun- 
try folk  would  be  without  many  of  the  present  neces- 
sities, comforts,  and  luxuries  of  life,  which  they  are 
now  able  to  enjoy.  They  are  the  connecting  link  be- 
tween the  city  business  man,  the  manufacturer  and  the 
farmer,  dairyman,  the  producer  of  food.  They  alone 
make  it  possible  for  both  country  and  city  to  live  up 
to  our  present  standard  of  living  and  they  will  be 
largely  responsible  for  any  rise  Avhich  may  take  place 
in  that  standard.     "Who.  then,  can  place  a  value  on 


roads,  and  Avho  is  great  enough  to  say  what  their  true 
service  to  mankind  is'?  Can  any  man  picture  a  coun- 
try or  a  land  without  roads? 

' '  A  good  man  sets  an  example ;  a  good  road  is  like- 
wise an  example ;  and  as  we  have  too  few  good  men,  so 
have  we  too  few  good  roads.  Only  when  we  find  a 
travelable  road  going  past  every  farm,  through  every 
village  and  city,  will  it  be  time  to  cease  talking  good 
roads." 


ROAD  PROGRAM  OF  INDIANA 

The  Indiana  Highway  Ck)mmission  announced  in  de- 
tail on  March  10  its  road  building  program  for  1922, 
all  of  the  roads  to  be  of  hard  surface  and  all  to  be  fed- 
eral aid  projects.  A  total  of  113.7  mi.  make  up  the 
program  and  bids  will  be  advertised  for  as  soon  as 
possible.  The  types  of  surface  materials  to  be  con- 
sidered are  concrete,  brick  and  asphalt.  The  roads 
to  be  improved  are : 

Road  No.  43  in  Lake  and  Porter  Counties  known  as 
the  Dunes  highway,  skirting  Lake  Michigan.  Prom 
Gary  to  Michigan  state  line,  a  distance  of  21  mi. 

Road  No.  51,  Elkhart  to  Michigan  state  line,  distance 
of  4  mi.  This  road  formerly  known  as  Edwardsville 
road.  Changed  to  Casopolis  road  and  re-located  to 
run  due  north  out  of  Elkhart. 

No.  2  (Lincoln  Higliway)  for  a  distance  of  3.5  mi. 
west  of  the  Ideal  Section.  In  Lake  county.  Also  7.7 
mi.  on  same  highway  in  Porter  county  just  west  of 
"Valparaiso. 

Ten  miles  on  the  Dixie  Bee  Line  in  Gibson  and  Van- 
derburg  Counties  known  as  the  Haubstadt  cut  off. 

Approximately  14  mi.  on  the  National  road  between 
Brazil  and  Mt.  Meridian.  Twenty-one  miles  remains 
to  be  contracted  for  on  this  road,  exclusive  of  45  mi. 
contracted  for  in  closing  the  five  gaps  the  other  day. 

The  commission  set  aside  approximately  $1,500,000 
in  a  reserve  for  construction  of  gravel  and  stone  roads 
on  the  state's  secondary  system. 

The  commission  voted  to  take  care  of  the  Jackson 
highway  from  Seymour  south  to  Louisville.  It  will 
grade  tlie  road  first,  which  work  will  take  about  a 
year.     Surfacing  to  follow  will  consume  about  a  year. 

Looking  forward  to  adding  the  road  from  Palmyra 
to  Corydon  to  the  state  system,  the  commission  ordered 
Director  Lyons  to  instruct  the  maintenance  engineer 
to  maintain  the  road  from  Salem  to  Palmyra. 

It  was  brought  to  the  attention  of  the  commission 
the  practice  of  farmers  along  the  state  system  obsrtruct- 
ing  drainage  ditches,  by  constructing  crossings  and 
entrances  from  the  highway  to  their  land.  The  com- 
mission adopted  the  policy  of  property  owners  desiring 
such  crossings  must  provide  for  the  tile  and  the  com- 
mission would  provide  the  labor.  This  is  essential, 
members  of  the  commission  state,  if  the  drainage  of 
state  roads  is  to  be  maintained  in  the  manner  nece.s- 
sary  for  the  high  .standard  of  roads  desired. 
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MEETINGS 

Calendar  of  Coming  Meetings 

June  4-6 — American  Association  of  Engineers — An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary, 
C.  K  Drayer,  Chicago,  111. 

June  26-Jnly  1 — American  Society  for  Testitig  Mate- 
rials— ISventy-fifth  aunual  meetiug,  Atlantic  City,  N.  J. 
Secretarj',  C.  L.  Warwick,  Engineers'  Club  Bldg.,  Phila- 
dephia,  Pa. 

Oct.  9-13 — American  Society  for  Municipal  Improve- 
ments— Aimual  convention,  Cleveland,  0.  Secretary, 
Charles  Carroll  Brown,  Valparaiso,  Ind. 


ONTARIO   GOOD  ROADS  ASSOCIATION 

The  twentieth  annual  couveuliou  ot'  the  Ontario 
(Jood  Roads  Association  was  held  on  March  1,  2  and  o 
at  Toronto,  Canada,  with  the  largest  attendance  in 
the  history  of  the  organization.  On  the  firat  day  com- 
mittees were  appointed  and  a  number  of  addresses  by 
various  officials  were  given. 

Among  the  papere  presented  were:  "Road  Building 
in  Ontario,"  by  Prevost  Hubbard,  of  the  Asphalt  As- 
sociation; "Lights  on  Vehicles,"  by  John  Currie,  ex- 
warden  of  Middlesex;  "Speed,"  by  W.  G.  Robertson, 
of  the  Ontario  Motor  League;  "Headlights,"  by  G.  C. 
Parker,  of  the  Ontario  Department  of  Highways. 

"Highway  Accounting,"  was  the  subject  of  the  pa- 
per presented  by  Prank  Pinco,  Road  Superintendent 
of  Elgin  County,  Ontario.  F.  H.  Richardson,  Warden 
of  Ontario  County,  spoke  on  "Provincial  Highways — 
How  Should  Tliey  Be  Paid  For?"  F.  W.  McKay, 
County  Clerk  of  Elgin  County,  spoke  on  "Assessment 
in  Proportion  to  Benefit,"  urging  the  increasing  of  the 
proportion  borne  by  local  assessments. 

On  the  last  day  a  general  discussion  on  whether  the 
Provincial  Government  should  bear  the  full  cost  of  the 
construction  of  provincial  highways  was  held.  It 
was  the  feeling  of  many  that  provincial  highways 
should  be  financed  entirely  by  the  Provincial  Govern- 
ment. However,  a  resolution  to  this  effect  failed  of 
passage. 

The  following  officers  were  elected :  president,  W.  H. 
Brown;  honorary  presidents,  L.  E.  Allen  and  T.  J. 
Mahony ;  first  vice-president,  John  Currie ;  second  vice- 
president,  (Jeorge  S.  Henry;  directors,  J.  B.  Jamieson, 
F.  A.  Senecal,  W.  H.  Nugent,  Alvin  Rose,  Peter  Ray 
and  P.  Richardson. 


NEW  DU  PONT  DYNAMITE 

A  newly  developed  dynamite  which,  it  is  announced, 
will  prove  an  important  factor  in  reducing  explosives 
costs  in  quarrying,  road  building,  construction  and 
other  open  work  has  just  been  perfected  by  the  Du 
Pont  Company. 


The  new  powder  is  known  as  "Dumorite"  and  is 
made  with  a  double  base  of  modified  nitroglycerin  and 
guneotton.  It  cannot  freeze  and  does  not  produce  head- 
ache. 

In  putting  "Dumorite"  on  the  market,  the  Du  Pont 
Company  announces  that  the  explosive  will  effect  sav- 
ings of  one-third  on  the  dollar.  It  is  as  powerful, 
stick  for  stick,  under  ordinary  conditions,  as  regular 
forty  per  cent  dynamite,  its  economy  consisting  in  the 
fact  that  each  case  contains  approximately  one-third 
more  sticks. 

"Dumorite"  is  a  free-running  explo.sive.  It  is  stat- 
ed to  be  quick  and  of  great  bulk  strength.  Before  it 
Avas  perfected,  several  hundred  trial  mixings  were 
made  up,  all  of  which  were  carefully  studied  and  anal- 
yzed by  explosive  experts.  The  final  explosive  was 
then  subjected  to  every  possible  laboratory  test.  It 
was  afterwards  taken  to  the  field  where  it  was  tried 
out  in  actual  work  under  varying  conditions  as  to 
temperature,  rock  and  kind  of  work.  The  results 
proved  the  new  explosive  to  be  especially  adaptable 
for  open  work  in  quarries,  construction  and  agricul- 
tural fields. 


The  State  of  West  Virginia  plans  to  spend  about 
$6,000,000  on  road  work  during  1922,  according  to  a 
recent  estimate. 


Maricopa  County,  Arizona,  recently  awarded  the 
contract  for  168  mi.  of  concrete  highways  to  Twohy 
Bros. 

PERSONAL  MENTION 

John  A.  Vogelson  has  been  appointed  chief  of  sur- 
veys for  the  City  of  Philadelphia,  Pa. 

J.  P.  Price  has  resigned  as  road  supervisor  of  Ven- 
ango Township,  Erie  County,  Pennsylvania. 

E.  R.  Thomas  has  resigned  as  city  engineer  of  Port 
Arthur,  Tex. 

D.  H.  Knight  has  bene  appointed  city  engineer  of 
Frankfort,  Ind.,  succeeding  W.  R.  Payne,  resigned. 

J.  W.  Layle  has  been  appointed  superintendent  of 
highways  of  Port  Erie,  Ont.,  Canada. 

Alva  Smith  has  resigned  as  city  engineer  of  Em- 
poria, Kan. 

Charles  A.  Browne,  formerly  state  highway  engin- 
eer of  Florida,  has  been  appointed  county  engineer  of 
Orange  County,  Florida. 

W.  E.  Shedden  has  been  appointed  city  engineer  of 
Jacksonville,  Pla.,  succeeding  P.  M.  Edwards. 
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Bituminous  Surfaces  on  Gravel  Ro^ds* 


By  PAUT;  ».   SARGBNTf 


For  the  last  eight  years  the  Maine  State  Highway 
Coniniission  lias  been  surface  treating  gravel  roads 
with  success.  During  that  time  we  have  used  exclu- 
sively a  refined  tar  product  suitable  for  cold  applica- 
tion. We  were  let  to  this  conclusion  after  an  experi- 
ence covering  four  or  five  years  with  various,  asphaltic 
oil  and  tar  products.  Where  the  two  types  of  material 
were  used  on  sti'etches  of  road  contiguous  to  each  other 
and  conditions  were  as  nearly  identical  as  it  would  be 
possible  to  have  them  and  both  sections  carried  the 
same  traffic,  we  learned  from  experienc^e  that  thj 
tar  products  gave  us  a  much  more  stable  surface  and  • 
that  it  lasted  two  or  three  months  longer  in  the  fall 
after  freezing  nights  and  thawing  temperatures  dur- 
ing the  daytime  prevailed. 

We  also  found  that  the  tar  products  after  abo\it 
a  ^\<'('k's  time  took  their  set  and' with  the  exception 
of  ]K)ssible  softening  on  extremely  hot  days  gave  no 
fiii'tlier  troul)le  after  completion  of  the  application. 
On  the  other  ha,nd,  asphaltic  oils  many  times  would 
soften  up  dui'ing  a  i)roti'acted  rainy  period,  more  or 
less  emulsifying,  and  resiilted  in  a  veiy  disagreeable 
surface  condition.  This  condition  was  also  very 
marked  during  the  period  of  freezing  temperatures 
during  the  night  and  melting  temperatures  during 
the  daytime,  -which  lasts  with  us  sometimes  for  three 
or  four  weeks  in  the  fall. 

I  believe  it  may  be  of  interest  to  relate  some  of 
the  experiences  from  which  our  standard  practice  in 
the  surface  treatment  of  gravel  roads  with  bituminous 
material  has  been  developed. 

Some  eight  or  nine  years  ago  when  we  first  tried 
these  treatments  the  principal  use  of  surface  applica- 
tions was  for  the  purpose  of  allaying  dust.  Light  as- 
phaltic oil,  known  as  "45  per  cent  oil"  was  generally 
used  for  that  pixrpose.  The  real  effect  of  the  oil  al- 
ways appeared  to  me  to  be  merely  to  load  the  dusty 
surface  particles  of  the  road  with  so  much  weight  that 
when  stiri-ed  up  by  passing  traffic  these  particles  did 

*Paper     presented     at     Eighth     Annual     Conference     on 
Highway  Engineering  of  the  University  of  Michigan. 
tChief  Highway  Engineer   of   Maine. 


not  rise  very  much  above  the  road  surface  and  conse- 
quently were  not  blown  and  moved  around  much.  Nat- 
urally, we  more  or  less  followed  in  our  early  tar  ap- 
plications methods  in  vogue  at  that  time.  We  at- 
tempted to  get  a  true  crown  on  our  gravel  roads  by 
adding  an  inch  or  one  and  one-half  inch  of  new  gravel 
where  necessary  and  then  by  the  use  of  a  drag  or 
light  grader  truing  up  the  surface  before  the  applica- 
tion of  the  bituminous  material.  The  first  year  this 
work  was  done  on  any  scale  we  applied  our  bitumin- 
ous material  in  two  applications.  In  May  we  used 
about  four-tenths  of  a  gallon  to  the  square  yard  and 
about  the  first  of  August  retreated  all  of  these  sur- 
faces with  an  additional  two-tenths  of  a  gallon  per 
square  yard.  Treatment  was  laid  only  10  ft.  wide. 
The  real  thing  we  sought  to  do  with  this  treatment 
was  to  bond  the  loose  surface  material  to  the  tightly 
bonded  surface  below  it,  and  we  accomplished  this 
result  fairly  well. 

By  the  end  of  the  season,  however,  we  observed  that 
on  cel'tain '  sections  of  our  roads  so  treated  there  was 
a  slight  rippling  and  waving  of  the  surface.  It  oc- 
curred to  us  that  this  might  be  on  aeeovint  of  the  fact 
that  we  had  not  secured  an  effective  bond  between 
tlie  loose  siirface  particles  of  the  road  and  the  tightly 
bonded  gravel  beneath.  In  other  words,  the  material 
which  had  been  impregnated  with  tar  had  laid  more 
or  less  as  a  mat  upon  the  surface  and  not  being  suffi- 
ciently filled  with  mineral  aggregate  had  pushed. 

We  had  obtained,  however,  a  much  more  satisfac- 
tory surface,  generally  speaking,  than  we  had  ever 
before  seen  on  any  surface  treated  road.  The  good 
sections  presented  the  appearance  of  a  first-class  bitu- 
minous macadam  surface,  tightly  sealed,  smooth  and 
dustless.  As  might' have  been  expected,  the  edges  of 
the  bituminous  treated  section  sheered  off  and  crum- 
bled away  on  account  of  so  much  traffic  turning  out 
for  passing. 

Our  next  development  was  an  attempt  to  clean  the 
gravel  surfaces  before  the  application  of  the  tar.  This 
was  accomplished  by  the  use  of  graders  and  drags  and 
later  by  using  a  street  sweeper  and  finally  by  follow- 
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lug  that  with  hand  sweeping.  We  also  increased  the 
width  of  our  treatments  to  15  ft.  We  found  that  all 
of  these  steps  gave  us  a  much  improved  surface  and 
ill  fact  since  the  first  year  we  have  used  tar  we  have 
never  made  but  one  application  to  any  gravel  surface 
during  a  season.  No  sand  covering  was  used  during 
our  first  two  or  tliree  years  of  treatmnet.  The  tar  was 
applied  on  warm,  dry  days  from  an  automobile  tank 
dii>tributor  under  pressure  and  we  just  allowed  the  tar 
to  lie  on  the  road  until  it  was  absorbed  and  took  its 
set. 

Needless  to  say  we  had  much  complaint  from  the 
traveling  public  on  account  of  the  dangerous  condi- 
tion of  a  freshly  tyred  surface  for  rubber-tired  traffic. 
We  attempted  to  obviate  this  danger  as  far  as  possible 
by  treating  one  side  of  the  road  at  a  time.  We  would 
do  a  considerable  stretch  of  road,  anywhere  from  six 
to  ten  miles  long,  and  treat  it  on  one  side  only.  While 
the  treatment  was  being  put  on  the  first  side  the  other 
half  of  the  road  was  left  open  for  traffic  and  by  the 
time  we  had  the  first  half  finished  the  tar  that  had 
been  first  laid  was  well  enough  set  so  that  traffic  could 
go  on  it.  Then  the  other  half  of  the  road  would  be 
treated  in  the  same  way. 

We  obsened,  of  course,  that  steel-tired  traffic  wher- 
ever it  ran  on  the  freshly  tarred  surface  stripped  the 
bituminous  material  from  the  surface.  This  made  It 
necessary  to  do  more  or  less  patching  by  hand.  Also, 
on  account  of  the  increasing  automobile  traffic,  which 
was  continually  getting  on  to  the  freshly  tarred  sur- 
face, we  found  it  necessary  to  sand  the  tarred  surface 
a  few  hours  after  application. 

For  the  last  three  or  four  years  we  have  made  a  prac- 
tice of  treating  all  of  our  surfaces  18  ft.  in  width,  which 
has  practically  obviated  the  necessity  of  any  patching 
on  the  shoulders  or  edges  of  the  treated  surface.  Eigh- 
teen feet  in  width,  which  by  the  way  is  our  standard 
width  of  pavements  and  hard  surfaces  today,  affords 
a  good  double  track  way.  We  have  been  following  the 
practice  during  the  last  three  or  four  years  of  imme- 
diately covering  the  bituminous  material  with  a  light 
application  of  sand.  By  immediately,  I  mean  that 
within  five  or  ten  minutes  after  the  distributor  has 
delivered  tar  to  the  surface  of  the  road  it  has  been 
covered  with  MDd. 

There  are  one  or  two  points  about  sanding  that  1 
think  should  be  spoken  of.  We  place  the  sanding  gang 
at  intervals  of  150  to  200  ft.  apart,  according  to  the 
length  of  road  that  the  tank  of  tar  will  cover.  Imme- 
diately the  tar  tank  has  passed,  these  men  begin  to 
■and  and  the  sanding  is  started  at  the  center  of  the 
road  and  first  a  place  is  made  where  passing  vehicles 
may  turn  out  on  the  freshly  tarred  surface.  This  af 
fords  traffic  meeting  places  at  stated  intervals,  so  that 
with  careful  driving  it  is  not  necessary  for  a  vehicle  to 
become  smeared  or  spattered  with  tar  or  to  take  the 
risk  of  skidding  incident  to  driving  on  a  fre.shly  tarred 
■urface.     Our  ganders  are  also  instructed  to  keep  an 


eye  to  the  traffic  so  in  case  anyone  gets  into  difficulty 
we  ^vill  have  some  witness  as  to  what  actually  hap- 
pened. These  mini  also  caution  drivers  to  be  careful. 
Wiiere  we  are  applying  tar  over  a  summit  grade  we 
always  plan  to  have  a  sander  stationed  at  the  summit 
to  keep  an  eye  to  passing  vehicles  and  to  warn  them 
against  collision.  These  are  points  we  have  learned 
from  experience  and  we  have  found  them  to  pay.  I 
offer  the  suggestions  for  what  they  are  worth. 

I  might  say  that  in  general  we  have  developed  the 
following  standard  practice :  As  early  as  we  can  get 
on  the  roads  in  the  spring,  that  is,  when  the  roads  be- 
gin to  settle  and  dry  out  after  the  frost  has  left  them, 
we  begin  shaping  with  the  road  grader.  The  roads  are 
carefully  watched  during  the  two  or  three  weeks  while 
they  are  "settling  and  are  shaped  either  with  a  drag 
or  blade  grader  several  times  if  necessary  to  have  them 
settle  with  as  true  a  contour  as  possible.  The  next  step 
in  our  surface  treatment  is  to  draw  out  sand,  which  is 
left  on  the  shoulder  of  the  road  in  piles  of  about  a 
quarter  of  a  yard  every  25  ft.  Generally  speaking, 
wc  use  about  50  yd.  of  sand  to  a  mile  for  cover.  We 
use  less  s^nd,  however,  on  a  new  treatment  than  we  do 
on  retreatment.  Sometimes  as  little  as  30  yd.  to  a 
mile  is  used  on  the  original  treatment.  Retreatiuents 
will  take  40  to  50  yd.  per  mile,  as  the  tar  has  less  op- 
portunity to  penetrate  into  the  surface  of  the  road.  The 
next  step  is  to  clean  tlie  .surface  of  the  road  of  all  loose 
■material.  If  a  pocket  of  sand,  dust  or  stone  is  left  on 
the  surface  we  are  absolutely  sure  to  have  the  treat- 
ment break  over  that  pocket  in  a  short  time  after  ap- 
])]ieation.  This  cleamng  is  done  by  the  use  of  a  street 
sweeper  behind  a  light  truck  and  if  further  cleaning 
is  necessary  after  the  sweeper  has  finished  this  is  done 
by  men  with  push-brooms.  Then  comes  the  tar  dis- 
tributing gang,  which  is  equipped  with  pressure  dis- 
ttibutors  mounted  on  three  and  one-half  ton  trucks. 
We  have  limited  ourselves  to  this  size  of 
equipment  because  it  is  as  heavy  as  our 
roads,  generally  speaking,  will  carry.  We  have 
a  law  which  limits  the  gross  weight  of  load  to 
nine  tons,  and  I  am  free  to  say  that  one  of  these  600- 
gal.  tanks  filled  with  bituminous  material  will  a  little 
exceed  the  limit  set  up  by  statute  for  the  gross  weight 
of  load.  Under  average  conditions  one  tank  truck  will 
spread  about  2,500  gal.  of  tar  per  day.  We  still  hold 
to  the  practice  of  tarring  one  side  of  the  road  at  a  time 
and  several  days  may  elapse  between  the  tarring  of 
the  first  side  and  the  tarring  of  the  remainder  of  the 
road.  As  pointed  out  above,  immediately  after  the 
tar  is  applied  a  light  sanding  is  given.  We  put  on 
just  enough  sand  to  fairly  blot  the  bituminous  mate- 
rial and  keep  it  from  running  off  the  crown  of  the 
road  to  the  edge.  The  surface  is  carefully  watched  for 
three  or  four  days  and  if  evidence  of  bleeding  shows 
up,  spots  where  this  occurs  are  treated  with  more  sand. 
Sometimes  after  a  treatment  has  been  down  for  two 
or  throe  weeks  an  extremely  hot  day  will  start  a  lit- 
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tie  bleeding.    This  is  watched  carefully  by  the  patrol- 
man and  the  same  treatment  of  light  sanding  given. 

In  the  treatment  of  new  gravel  surfaces,  that  is,  sur- 
faces which  liave  never  received  a  treatment  before, 
but  which  may  have  taken  traffic  anywhere  from  two 
to  five  years  with  an  occasional  resurfacing  of  gravel, 
we  use  not  to  exceed  lialf  a  gallon  per  square  yard, 
and  in  more  cases  probably  use  four-tenths  to  forty- 
five-huudredths  of  a  gallon  per  square  yard  for  the 
treatment.  The  amount  of  material  depends  upon  the 
tiglitness  of  the  surface.  We  have  found  that  the 
smallest  quantity  of  material  we  can  use  and  get  the 
surface  covered  gives  us  the  best  result.  With  a  small 
quantity  we  never  have  trouble  from  rippling  or  wav- 
ing of  the  surface,  provided  the  gravel  is  in  proper 
sliape  to  receive  the  treatment  when  it  is  given,  that  is, 
thoroughly  bonded  and  tight  with  no  pockets  of  loose 
gravel,  dust,  or  other  material.  We  also  find  that  sur- 
faces which  have  received  a  small  quantity  of  tar  can 
be  retreated  for  a  longer  time  than  surfaces  which  have 
been  given  a  heavier  treatment.  Those  which  have  re- 
ceived the  heavier  treatments  will  ripple  and  get  out 
01  shape,  say  in  two,  three  or  four  years,  while  sec- 
tions receiving  a  light  treatment  can  be  maintained 
without  breaking  up  for  a  considerably  longer  time. 

It  must  be  borne  in  mind  that  the  addition  of  the 
bituminous  surface  treatment  to  a  gravel  road  does 
nothing  but  preserve  the  surface  against  disin- 
tegration from  passing  traffic.  It  does  not  mate- 
rially strengthen  the  road  in  the  sense  that  it  will  cause 
the  road  to  carry  heavier  loads  than  the  gravel  surface 
itfielf  or  the  foundation  upon  which  it  is  laid  will 
sustain.  Surface  treatment  will  not  supply  or  take 
the  place  of  drainage. 

Our  surface  treated  sections  are  kept  under  constant 
patrol  maintenance.  We  patrol  these  roads  with  a  light 
truck  and  two  men  and  they  are  assigned  sections 
an\a\here  from  12  to  18  mi.  long.  Besides  watching 
the  bituminous  surface  and  mending  any  small  breaks 
tliat  may  occur — and  we  have  these  breaks  occasion- 
ally— and  patching  the  shoulders,  these  men  also  keep 
tlie  dirt  shoulder^  shaped  by  dragging,  keeping  the  gut- 
ters and  culverts  clear,  and  do  whatever  other  work 
is  necessarj'.  We  supply  about  three  barrels  of  bitu- 
minous material  like  that  with  which  the  road  is  treate^I 
for  each  mile  of  surface.  This  material  is  mixed  with 
sand  and  kept  in  stock  piles.  The  mixing  is  usually 
done  by  hand  and  we  use  about  17  gal.  of  tar  to  a 
cubic  yard  of  sand.  In  a  few  instances  we  have  used 
a  small  concrete  mixer  to  prepare  the  tar  and  sand 
for  patching  and  we  have  been  able  to  use  as  little  as 
14  cral.  to  a  yard  of  sand  when  the  mixing  is  done  in  a 
concrete  mixer.  Patches  are  made  by  simply  cleaning 
out  the  hole,  throwing  in  the  mixture  of  bituminous 
material  and  sand  and  patting  it  in  vsdth  a  shovel.  Any 
bad  breaks  on  the  shoulders  are  repaired  the  same  way. 

The  most  of  our  gravel  treated  surfaces  do  not  re- 
main intact  over  the  spring  period,  a  good  deal  of  it 


breaks  up.  This  is  due  to  several  causes.  An  open 
winter  which  allows  the  frost  to  penetrate  deeply  into 
the  roadbed  and  allows  traffic  to  run  all  winter  long, 
01-  heavy  traffic  coming  on  these  surfaces  when  the 
frost  is  leaving  and  the  surfaces  are  soft  will  break 
up  and  generally  disintegrate  the  surfaces.  This  really 
is  more  or  less  of  an  advantage,  because  it  obviates 
the  necessity  of  breaking  up  these  surfaces  and  we  save 
just  that  much  expense  in  getting  the  surface  ready 
for  subsequent  treatments.  I  have  in  mind  one  sec- 
tion of  gravel  road  which  was  surface  treated  during 
the  summer  of  1920.  Most  everyone  called  it  a  good 
section  of  road,  in  fact,  many  automobiles  have  re- 
ferred to  it  as  bituminous  macadam  and  many  of  our 
citizens  refer  to  our  surface  treated  gravel  roads  as 
bituminous  macadam  roads,  especially  when  they  want 
to  tell  about  a  bituminous  road  the  highway  commis- 
sion has  built  which  has  failed  in  the  winter.  The 
particular  section  I  refer  to  was  so  bad  during  March, 
1921,  that  automobiles  could  not  pass  over  it,  or 
through  it.  For  four  or  five  miles  this  piece  of  road 
was  literally  a  sea  of  mud  for  a  period  of  about  three 
weeks.  Of  course  the  surface  treatment  completely 
disappeared.  We  reshaped  the  road  as  it  dried  out 
and  retreated  it  last  spring.  It  presented  a  good  sur- 
face all  through  the  summer  and  fall  until  it  was  cov- 
ered with  snow.  I  apprehend  that  the  coming  spring 
will  be  a  repetition  of  the  spring  of  1921.  The  road 
will  be  in  about  as  bad  condition  as  it  was  then  but 
by  the  middle  of  June  it  will  look  like  a  boulevard. 

On  the  other  hand,  I  have  in  mind  one  section  of 
surface  treated  gravel  road  which  is  built  on  a  sandy 
foundation  where  the  drainage  is  perfect  that  has 
never  broken  up  during  the  last  eight  years.  It  gets 
a  retreatment  about  evei-y  other  year,  maybe  one-sixth 
or  one-seventh  of  a  gallon,  as  the  gang  goes  by,  and 
during  the  intervening  year  it  does  not  get  treated. 
This  particular  section  shows  evidences  of  slight  rip- 
ples. It  is  on  our  heaviest  traveled  line,  where  the 
snow  leaves  earliest  in  the  spring  and  we  have  the  most 
.severe  truck  traffic  in  the  state. 

We  have  a  good  many  sections  of  surface  treated 
gravel  roads  which  do  not  break  up  in  the  spring.  The 
most  of  these  sections  get  a  retreatment  each  year. 
The  second  year  the  amount  of  tar  which  we  have  used 
has  been  from  three-tenths  to  one-third  of  a  gallon 
per  square  yard.  For  the  third  and  fourth  years  the 
amount  has  run  as  light  as  one-quarter  of  a  gallon, 
and  in  some  instances  two-tenths.  These  surfaces  are 
quite  apt,  however,  after  three  or  four  retreatments 
to  become  ripply  enough  so  as  to  be  uncomfortable  to 
ride  over.  This  condition  is  due  to  a  combination  of 
reasons.  One  is  thaj  we  may  have  as  much  as  one  and 
one-half  or  two  inches  of  tar  penetration  which  be- 
comes separated  from  the  gravel  road  itself  on  ac- 
count of  the  passage  of  heavy  loads  when  the  frost  is 
coming  out  of  the  roads  and  the  whole  roadbed  is  more 
or  less  soft.     Where  this  tendency  exists  at  all  it  is 
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always  more  pronounced  where  the  surface  lias  received 
succesMve  treatments  than  where  only  one  or  two 
treatments  have  been  given.  Each  year  we  have  to 
break  up  more  or  less  of  tliis  kind  of  surface  and  get 
the  road  in  shape  for  new  treatment.  The  method 
used  is  about  as  follows:  We  take  a  section  of  road 
about  1,000  ft.  long;  it  is  broken  up  either  by  using  a 
pressure  scarifier  on  a  steam  roller  or  by  using  a  heavy 
blade  grinder  behind  a  truck  or  a  roller  and  setting 
the  blade  so  that  it  will  do  more  of  a  plowing  opera- 
tion than  a  scraping  one.  The  bituminous  surface  is 
in  this  way  broken  up  into  chunks  anx'Avhere  from 
2  in.  to  2  or  3  ft.  square.  We  next  take  a  road  grader 
and  scrape  this  ^^•■hole  surface  off  to  the  shoulder  of 
the  road,  then  we  plane  the  roadbed  below  to  as  true  a 
surface  longitudinally  and  transversely  as  possible. 
We  then  work  back  a  portion  of  tlie  bituminous  bound 
material  from  the  shoulder,  distributing  it  over  the 
sui-face.  In  this  di.stributing  operation  the  bituminous 
bound  gravel  is  broken  up  more  or  less  into  small 
chunks.  We  then  leave  the  road  for  two  or  three  days 
for  traffic,  which  matei'ially  helps  in  further  breaking 
up  these  pieces  of  bituminous  bound  gravel,  then  the 
road  grader  is  brought  on  and  further  working  of  the 
surface  is  given  just  by  pushing  the  chunks  around 
and  pulling  in  more  from  the  sides.  By  watching  the 
surface  carefully  and  using  the  road  grader  every  two 
or  three  days  we  have  been  able  to  get  the  surface 
back  into  reasonably  smooth  condition.  It  presents 
more  or  less  of  a  mottled  or  mosaic  appearance.  Gravel 
which  has  been  covered  with  bituminous  material  has 
lost  its  binding  property  and  it  is  necessary  quite  often 
to  add  a  bit  of  good  binding  material  here  and  there 
to  complete  the  bonding  of  the  surface.  This  binding 
material  is  used  sparingly.  We  do  not  intend  to  liave 
enough  to  leave  any  appreciable  amount  of  dust  to  be 
swept  off  prior  to  the  new  treatment.  As  .soon  as  we 
have  the  surface  in  shape  we  plan  to  immediately  give 
it  a  new  application  of  tar.  We  find  that  one  of  these 
surfaces  broken  up  and  reshaped  as  just  described  is 
very  hard  to  keep  in  true  contour  under  traffic  and  if 
it  is  allowed  to  go  say  two  weeks  we  may  have  to  break 
it  up  and  rebond  it  before  the  tar  .surface  treatment  is 
given,  else  it  would  be  so  uneven  as  to  be  a  bad  riding 
road  all  through  the  season.  Experience  has  shown 
that  one  of  these  old  tar  surfaces  ean  be  scarified  and 
broken  up  more  easily  when  the  temperature  is  between 
60  and  70°  P.  than  during  cooler  weather.  Good  warm 
sunny  weather  also  materially  assists  in  breaking  up 
the  chunks  of  tarred  gravel  which  are  left  on  the  sur- 
face of  the  road. 

One  thing  we  have  satisfied  ourselves  upon  Ls  the 
fact  that  we  cannot  suecessfully  apply  tar  surface 
treatment  on  a  wet  road  or  on  a'  damp  road.  We 
have  also  had  the  experience  of  rain  falling  within  two 
or  three  hours  after  tar  has  been  applied  and  before 
the  tar  has  taken  any  set  and  with  traffic  of  one  to  two 
hundred  cars  per  hour  this  has  resulted  in  making  a 


mushy  surface  which  it  is  practically  impossible  to  true 
up  and  make  satisfactory.  We  have  practically  come 
to  the  conclusion  tliat  when  this  condition  prevails  we 
would  do  better  to  scrape  tlie  new  tar  surface  right 
ofT  on  the  slioulder,  tli-row  it  away,  reshape  our  road  and 
put  on  a  now  application  of  tar.  We  will  spend  more 
money  in  patching  the  surface  wliich  is  laid  under  these 
conditions  than  it  would  cost  to  replace  the  surface, 
and  such  surface  after  patching  has  never  been  sat- 
isfactory. 

During  tlie  last  four  years  our  Nurlace  treatment 
work,  plus  the  cost  of  patrol  maintenance,  for  a  sea- 
son of  eight  months  has  averaged  to  cost  $1,000 'pc; 
mile.  We  estimate  sand  to  cost  us  an  average  of  ^2  per 
cubic  yard  delivered  in  piles  alongside  the  road.  Tar 
costs  us  $0.12  in  tank  cars  delivered  on  the  nearest 
railroad  siding.  Wo  figure  the  cost  of  applying  the 
tai-  at  .$0.02  per  gallon.  Sanding  costs  about  $0.75  per 
cubic  yard  of  sand.  Using  4,000  gallons  of  tar  per  niilo 
gives  us  a  cost  for  tar  on  tlie  roadbed  of  $560 ;  fifty 
yards  of  sand  will  cost  $100.  applying  the  same  $37.50, 
making  the  cost  of  the  tar  treatment  covered  with 
sand  $697.50. 

The  average  cost  of  shaping  and  getting  the  surface 
r(>ady  for  treatment  in  the  early  spring  would  be  about 
$25  per  mile.  We  use  ordinarily  a  two-ton  truck  to 
draw  the  road  macliine.  The  truck  rental  would  be 
$10  per  day,  the  driver's  pay  $3.75  and  a  helper  $3. 
/rhe  rental  of  the  road  grader  is  figairod  at  $2  per  day. 
Gas  and  oil  Avill  run  from  $5  to  $6  a  day.  This  outfit 
will  average  to  sniootli  4  mi.  per  day.  Usually  on  tlie 
first  smoothing  we  make  about  four  round  ti-ips  per 
mile.  On  subsequent  smoothings  possibly  two  trips 
will  do ;  it  all  depends  upon  the  condition  of  the  road 
when  it  is  smoothed  and  the  subsequent  condition  of 
I'ain  and  settling  of  the  road. 

For  .sweeping  we  use  a  mechanical  sweeper  di-awn 
by  a  light  truck,  say  a  three-quarter-ton  or  a  one-ton 
truck.  We  usually  make  four  round  trips  with  thsj 
sweeper,  and  this  outfit  will  sweep  about  2  mi.  per 
day,  as  we  can  only  run  the  sweeper  about  three  miles 
per  hour.  The  expense  for  swoepinf;  would  run  about 
as  follows: 

Truck  rental,  $5;  oil  and  gas,  $2;  driver,  $3.75;  help- 
er, $3;  rental  of  sweeper,  .$2,  making  a  total  of  $15.75. 
or  an  expense  of  sweeping  at  $7.87  per  mile. 

The  balance  of  the  $1,000  is  paid  for  patrolling  the 
road  through  the  season.  The  usual  patrol  gang  on 
bituminous  surface  treated  gravel  roads  is  a  pati'ol- 
man  with  a  one-ton  truck  and  helper.  According  to 
the  amount  of  traffic  and  the  condition  of  the  road, 
this  outfit  will  cover  anywhere  from  twelve  to  eighteen 
miles  of  road.  The  outfit  costs  $13.75  per  day,  ma  do 
up  as  follows : 

Rental  of  one-ton  truck,  .$5 ;  gas  and  oil,  $2 ;  Patrol  - 
man,  who  drives  the  truck,  $3.75 ;  helper,  $3. 

These  gangs  work  an  average  of  two  hundred  days 
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per  year,  so  if  tlie   patrol  section  was  13.75  mi.  louf^ 
the  avc'i-age  eost  per  mile  would  be  just  $200. 

Based  on  the  figures  given  above,  tliis  would  .show 
a  maintenance  cost  of  $930.37  per  mile.  I  have  said 
tliat  on  new  roads  we  use  half  a  gallon  of  tar  pe;- 
square  yard.  That  will  increase  the  cost  $140  per  mile 
over  the  figures  already  given. 

Where  it  is  necessary  to  scarify  or  bieak  up  tlie  old 
bituminous  surface,  we  run  into  a  considerably  larger 
expense  for  preparing  the  surface  then  indicated  above. 
I  think  T  liave  given  enough  explanation,  however,  to 
show  that  the  average  cost  is  \ery  close  to  $1,000  per 
mile. 

There  is  one  point  that  I  neglected  to  mention,  and 
that  is  that  quite  often  in  making  an  original  treat- 
ment if  traffic  is  rumiing  fairly  heavy  and  it  will  take 
us  six  or  eight  days  to  treat  the  section  we  are  working 
upon,  we  will  slide  over  the  road  with  a  priming  coat 
of  th"  tar  material,  using  two-tenths  to  one-quarter  of 
a  gallon  per  square  yard,  the  quantity  depending  upoii 
tlie  tightness  of  the  surface.  This  will  hold  our  .surface 
in  pei-fect  condition  under  traffic  for  a  weej?  or  ten 
days.  We  immediately  apply  the  balance  of  the  quan- 
tity, sand,  and  finish  up  the  .job.  We  have  almost  come 
to  the  conelusion  that  it  would  be  good  practice  to  do 


the  priniing  everywhere  on  new  surfaces.  It  gives  h 
better  penetration  of  the  bituminous  material,  besides 
holding  the  surface  in  proper  contour  until  the  treat- 
ment can  be  completed. 

I  ought  to  state  before  closing  that  we  have  many 
miles  of  surface  treated  gravel  roads  which  are  carry- 
ing a  twelve-hour  traffic,  from  7  A.  M.  to  7  P.  M., 
averaging  from  2,300  to  3,500  vehicles  per  day  for  a 
week's  time,  with  a  maxinaim  ti'affic  during  the  t\velve- 
hour  period  of  as  high  as  5,500.  This  traffic  continues 
for  a  period  of  four  to  five  months,  from  the  middle  of 
May  until  well  toward  the  first  of  October. 

We  find  it  impossible  to  hold  our  gravel  surfaces 
in  satisfactory  condition  by  ordinary  patrol  mainten- 
ance methods,  that  is,  dragging  and  patching  with 
gravel,  when  the  traffic  exceeds  500  to  600  vehicles 
per  twelve-hour  day,  and  the  expense  of  such  mainten- 
ance runs  about  $500  per  mile. 

The  material  which  we  use  for  surface  treatment 
falls  within  the  specification  T.C.-l,  Tar  for  cold  ap- 
plication, B.ulletin  No.  691,  U.  S.  Department  of  Ag- 
riculture. 

Credit  for  the  most  of  the  developments  we  have 
made  in  surface  treatment  of  gravel  roads  is  due  to 
Mr.  A.  J.  Wiggin.  Su])erintendent  of  Maintenance  of 
the  Maine  State  Highway  Department. 


Controlling  the  Quality  of  Materials  in 
Highway  Construction  and  Maintenance* 


By    JOHN    H.    B.^TEMAXf 


Highway  con.struction  and  maintenance  are  effected 
by  a  great  many  factors  all  of  which  are  of  more  or 
less  importance  in  the  successful  pi-csecution  of  work. 
Leaving  out  of  consideration  administration  and  finan- 
cing and  considering  the  items  of  construction  and 
maintenance,  we  may  quite  probably  consider  two  fac- 
toi-s  which  are  necessary  to  attain. good  i-e.sults.  These 
two  factors  are :  good  workmanship  and  a  good  qual- 
ity of  materials.  The  inspection  of  construction  and 
maintenance  work  deals  to  a  very  large  extent  with 
these  two  factors  and  the  careful  inspection  of  both  is 
necessary  to  insure  good  work.  The  necessity  for  this 
inspection  may  generally  be  considered  as  due  to  three 
principal  causes:  first,  an  intent  on  the  part  of  the 
construction  organization  or  the  pi'oducers  of  mater- 
ials to  actually  do  poor  work  or  furnish  low  grade 
materials ;  second,  carelessness  on  the  part  of  employes, 
and  third,  ignoi'anee  of  the  work,  due  to  unfamiliarity 
or  lack  of  training  or  experience.  The  fir.st  of  these 
leasons  is  probably  respon.sible  to  only  a  small  degree 
for  the  necessity  of  careful   inspection    of  materials. 


*Paper  presented  at  Eighth  Annual  Conference  on  High- 
way Engineering   at   the   University   of   Michigan. 

tDirector,  State  Highway  Laboratory,  University  of 
Michigan. 


Tiic  latter  two  reasons  are  probably  responsible  in  a 
much  higher  degree  for  the  presence  of  a  poor  quality 
(if  material  on  any  work. 

Under  inspection  of  materials  we  should  also  include 
tlie  necessity  or  desirability  of  the  work  of  controlling 
the  propel'  vise  of  these  materials. 

The  control  of  quality  of  materials  in  highway  con- 
struction and  maintenance,  as  in  other  forms  of  con- 
struction and  maintenance  work,  is  of  a  two-fold  na- 
ture involving  both  laboratory  methods  of  examination 
and  field  testing.  These  two  factors  ave  not  distinctly 
separate  operations,  but  are  bound  togetiier  by  reason 
of  the  nature  of  the  work,  and  the  successful  control 
of  materials  depends  entirely  upon  the  proper  relation- 
ship existing  between  a  laboratory  and  field  inspection 
forces. 

Laboratory  methods  of  examination  in  many  cases 
are  necessary  because  of  the  difference  in  methods 
of  analysis  of  the  many  materials  entering  into  the 
construction  and  maintenance  of  highways.  In  the 
case  of  many  materials  proper  examination  consists  of 
both  laboratory  and  field  work.  A  brief  description 
of  some  of  the  more  important  tests  of  various  mater- 
ials may  be  used  to  illustTate  this  relationship. 

We  are  all  familiar  with  the  various  tests  of  Port- 
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lainl  c«iueut  which  have  now  been  adopted  as  stand- 
ard over  practically  the  entire  country.  These  tests 
must  necessarily  be  conducted  under  rather  strict  con- 
ditions as  to  apparatus,  temperature  and  other  work- 
ing conditions  and  make  laboratory  examination  a 
necessity.  Tlie  examination  of  Portland  cement  in 
volves  tests  which  may  be  grouped  into  three  classes 
as  far  as  tho  element  of  time  is  concerned:  first,  we 
liave  tliose  tests  which  may  be  completed  within  n 
jK-riod  of  24  hours;  second,  strength  tests  which  may 
bt  completed  at  the  end  of  7  days,  and  tliird,  strength 
tests  which  may  be  completed  at  the  end  of  28  days. 
Portland  cement  is  usually  required  to  satisfactorily 
pass  all  of  tliese  tests,  but  on  account  of  the  long  time 
intervening  between  the  beginning  and  completion  of 
all  the  teats,  it  has  usually  been  the  custom  to  provide 
for  the  acceptance  of  Portland  cement  on  the  basis  ol' 
24-hoiir  or  seven-day  tests,  either  tentatively  or  entirely 
reserving  the  right  to  require  in  one  case  seven  and 
28-day  tests,  and  in  the  other  28-day  tests  in  the  case 
the  cement  fails  on  either  seven-day  or  28-day  tests 
after  having  passed  preliminary  tests  referred  to. 

In  the  examination  of  sand,  gravel,  crushed  stone 
and  crushed  slag,  the  services  of  a  laboratory  may 
properly  be  made  use  of  most  especially  in  the  ex- 
amination of  preliminary  samples.  After  the  quality 
of  these  materials  has  been  definitely  determined  and 
proper  control  may  well  be  said  to  be  a  duty  of  tlie 
field  inspector. 

The  examination  of  ledge  rock,  on  account  of  the 
character  of  the  tests  involved,  makes  laboratory  tests 
a  necessity.  The  tests  ordinarily  conducted  to  deter- 
mine physical  qualities  are:  hardness,  toughness,  abra- 
sion and  compressive  strength.  These  tests  all  require 
more  or  less  expensive  and  heavy  machinery  which, 
for  economy,  must  be  located  in  a  rather  extensively 
equipped  laboratory.  After  the  quality  of  a  certain 
product  has  been  determined,  further  tests  are  not 
usually  necessary  mthin  a  period  of  one  year's  time 
of  making  the  initial  teste  in  those  portions  of  the 
quarry  at  which  operations  are  being  carried  out. 

Proper  inspection  of  paving  brick  involves  the  utiliza- 
tion of  machinery  which  may  only  be  properly  installed 
in  a  laboratory,  either  at  the  plant  itself,  or  in  a  cen- 
tral laboratory  for  the  exmination  of  such  materials. 

The  quality  of  asphalt  and  tar  products  also  in- 
volves the  utilization  of  a  properly  equipped  laboratorj- 
on  account  of  the  exacting  methods  of  analysis  re- 
quired in  this  industry.  The  relationship  between  lab- 
aratory  and  field  examination  will  be  touched  on  at 
8  later  point  in  this  discus.sion. 

In  addition  to  these  materials  we  liave  other  mater- 
ials, such  as  structural  and  reinforcing  steel,  corru- 
gated metal  pipe,  paint  and  others  wTiich  represent 
mat«>rial8  for  which  laboratory  methods  of  examina- 
tion are  necessary. 

As  I  have  stated  before,  the  proper  examination  of 
materials  involves  both  laboratory  and  field  methods. 


Most  of  us  are  familial',  at  least  to  a  certain  extent, 
with  the  various  methods  utilized  in  the  laboratory. 
Many  recent  developments,  liowever,  in  the  connection 
witli  desirable  field  control  of  materials  are  of  par- 
ticular interest  and  value  at  this  time.  It  is  my  pur- 
pose to  describe  some  of  these  various  methods  in  an 
attempt  to  point  out  their  value  and  the  relationshij) 
wliich  should  exist  between  field  and  laboratory  in- 
siicction  with  various  materials. 

Field  work  involves  one  of  the  most  important  oi 
the  operations  in  connection  with  all  testing.  I  refer 
to  the  matter  of  sampling  of  materials.  It  is  per- 
fectly evident  to  all  of  us  that  the  the  proper  intei-- 
pretation  of  results  of  tests  conducted,  either  in  the 
field  or  in  a  laboratory  is  necessarily  dependent  upon 
the  method  wiiich  has  been  used  in  obtaining  the 
sample  for  examination.  It  may  not  be  amiss  to  de- 
scribe, in  connection  with  various  materials,  some  fea- 
tures of  .sampling  which  mu.st  be  carefully  observed 
in  order  to  insure  obtaininfj  test  results  which  are 
representative  of  the  bulk  oi'  the  material  sampled 
and  tested.  In  this  connection  we  may  refer  to  three 
features  as  the  principal  factors  which  must  be  ob- 
served in  connection  with  sampling  operations;  first, 
the  method  of  sampling  must  be  such  that  the  sample 
taken  represents  as  accurately  as  possible  the  bulk 
of  material  sampled;  second,  the  size  of  the  sample 
must  conform  to  the  quantity  of  material  necessary 
for  conducting  tfsts,  plus  an  extra  quantity  to  retain 
for  reference  purposes;  and  third,  the  container  to  be 
used  in  transmitting  the  sample  of  material  from  the 
point  of  sampling  to  the  laboi-atory  must  be  of  satis- 
factory kind  and  size. 

Portland  cement  is  used  in  very  largo  quantities 
iri  both  highway  construction  and  maintenance.  The 
necessity  for  careful  sampling  is  quite  evident  on 
account  of  the  method  of  manufacture  and  shipment 
of  this  material.  It  is  now  generally  recognized  that 
a  sample  of  Portland  cement  should  be  taken  from 
every  200  to  250  barrels  of  material,  thus  quantity 
being  approximately  that  contained  in  one  carload. 
Portland  cement  is  shipped  in  cloth  oj-  paper  sacks. 
01-  in  bulk-.  In  taking  samples  from  shipments  in 
sacks,  a  small  amount — let  us  say  about  I/2  pound — 
should  be  taken  from  each  of  about  tAventy  sacks  se- 
lected at  random  from  a  carload  or  an  equal  amount 
of  cement.  It  is  not  necessary  to  open  up  the  sack 
of  cement  to  obtain  the  sample.  A  small  valve  is 
plac?d  in  the  end  of  both  cloth  and  paper  sacks  to  b'' 
used  for  filling  by  means  of  the  automatic  sacking 
machines  now  generally  used  in  all  Portland  cement 
plants.  A  small  sampling  tube  may  be  inserted 
through  thes«!  valve  openings  and  the  necessary  quan- 
tity of  cement  obtained  in  this  way  without  disturb- 
ing the  sack  itself.  In  the  case  of  bulk  shipments  of 
cement,  the  most  satisfactory  method  of  sampling  is 
by  means  of  .sampling  rods  with  which  we  may  be 
sure  to  reach  all  parts  of  the  material.  Oement  samples 
Continued   on   Page   186) 
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try  aiul  tlicre  should  be  no  hesitancy  in  appropriating, 
not  smaller,  but  larger  amounts  of  fedei'al  aid  funds. 

During  tiic  present  year  only  $75,000,000  of  federal 
aid  was  made  available,  notwithstanding  the  fact  that 
the  country  is  passing  through  one  of  the  greatest  busi- 
ness depressions  in  its  history.  During  business  depres- 
sions public  worlds  construction  should  be  speeded  so 
as  to  stabilize  economic  conditions.  The  road  appro- 
priation for  this  year  instead  of  being  cut  from  $100,- 
•000,000  to  $75,000,000,  ought  to  have  been  increased 
to  $150,000,000.  Unemployment  and  trade  stagnation 
continue  to  exist.  While  we  may  "have  turned  the 
coi'ner"  there  are  apparently  a  few  more  corners  to 
turn  before  we  strike  the  oiain  road  to  business  pros- 
perity. The  demand  for  increased  public  works  ac- 
tivity is  just  as  great  as  it  was  a  year  ago ;  hence  by 
making  larger  federal  aid  appropriations  for  the  next 
two  years  Congress  could  expedite  the  completion  of 
ouv  much-needed  highway  system  and  at  the  same  time 
greatly  relieve  the  economic  situation. 


Articles  by  road  builders  are  solicited.  They  should  be  short  and, 
if  passible,  accompanied  by  photographs.  Those  accepted  will  be 
paid  for  at  current  rates. 
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FEDERAL  AID  APPROPRIATIONS 

Two  weeks  ago  the  House  Committee  on  Roads  be- 
gan to  hold  hearings  on  the  Woodruff  Bill,  which  pro- 
vides appropriations  of  fifty,  sixty-five  and  seventy-five 
million  dollars  for  federal  aid  for  the  next  three  fiscal 
years,  respectively.  While  Congress  realizes  the  neces- 
sity of  the  immediate  construction  of  a  national  sys- 
tem of  highways,  many  members  feel  that  road  appro- 
priations should  be  reduced  in  line  with  the  spirit  of 
economy  now  prevailing.  Thus  the  problem  of  federal 
aid  appropriations  at  the  present  time  is  not  whether 
federal  aid  should  be  continued,  but  rather  how  fast 
the  work  will  be  allowed  to  progress.  According  to 
W.  C.  Markheim,  counsel  for  the  American  Associa- 
tion of  State  Highway  Officials,  who  appeared  before 
the  committee,  approximately  117,000  mi.  of  highway 
must  be  built  to  complete  the  seven  per  cent,  system 
of  interstate  highways  designated  by  the  federal  high- 
way act  of  last  year.  At  $18,000  per  mile,  it  would  re- 
quire an  annual  appropriation  of  $100,000,000  by  Con- 
gress for  ten  ycai-s  before  this  system  would  be  com- 
pleted. But  if  only  $50,000,000  is  appropriated  annu- 
plly,  this  interstate  systen\  of  highways  will  not  be 
completed  until  the  end  of  twenty  years. 

Accordingly,  the  matter  resolves  itself  into  the  ques- 
tion whether  it  will  be  niost  economical  to  complete 
this  .system  in  ten  or  twenty  year.s.  To  our  mind  good 
reads  can  not  be  constructed  fast  enough  to  care  for 
the   increasing  transportation  demands   of  the   coun- 


STANDARDIZATION  OF  ROAD  MATERIALS 

Representatives  of  the  state  highway  departments  of 
Virginia,  West  Virginia,  Kentucky,  Pennsylvania, 
Maryland,  Delaware  and  New  Jersey  recently  con- 
ferred with  the  U:  S.  Bureau  of  Public  Roads  relative 
to  standardization  of  highAvay  materials  specifications. 
As  it  is  now  each  state  draws  up  its  own  specifications 
for  mateiials,  and  stone  or  sand  that  may  be  permitted 
to  be  used  in  one  state  may  be  barred  from  use  in 
another  state  because  of  differences  in  specifications. 
It  is  planned  by  the  bureau  to  hold  similar  conferences 
witlr  highway  officials  from  other  groups  of  states. 

The  standardization  of  materials  specifications  will 
do  much  to  promote  efficiency  in  road  building.  Minor  • 
variations  in  the  requirements  of  sand,  gravel,  crushed 
stone,  asphalt,  brick  and  other  paving  materials  very 
often  cause  much  inconvenience  to  the  plants  produc- 
ing them,  thereby  slowing  down  pioduction  and  reduc- 
ing efficiency.  Surely  a  road  material  used  for  a 
certain  purpose  in  one  state  ought  not  he  required 
to  pass  different  tests  to  be  used  for  the  same  purpose 
in  another  state. 

Last  year  a  conference  under  the  auspices  of  the 
U.  S.  Department  of  Commerce  reduced  the  number  of 
sizes  and  varieties  of  paving  brick  from  66  to  11.  At 
the  convention  of  the  American  Road  Builders'  Asso- 
ciation held  January  Duff  Abrams  stated  that  many 
of  tlic  tests  used  on  mineral  aggregate  are  of  little 
value.  Thus  it  appears  that  materials  specifications 
now  in  use  by  the  various  states  should  be  examined 
both  with  view  of  simplifying  the  number  of  forms 
and  i)lacing  the  tests  on  a  scientific  hasis.  In  times 
past  elaborate,  yet  meaningless,  materials  specifications 
have  been  used.  The  present  trend  is  toward  simplifi- 
cation and  the  elimination  of  finely  drawn  specifica- 
tions of  dubious  value. 


186 


GOOD    ROADS 


March  29,  1922 


LABOR  COSTS  FAVORABLE  TO  ROAD  WORK 
Labor  costs  of  federal  aid  projeets  are  in  many  cases 
as  low  as  tlie  1914  level.  The  price  for  coimnon  labor 
ranges  around  25  and  30  <.>ents  in  a  great  majority  of 
states,  being  somewhat  lower  in  the  southern  states  and 
going  up  to  nearly  50  cents  an  hour  in  tiie  Pacific 
states. 


CONTROLLING   THE    QUALITY   OF   MATERIALS 
IN  HIGHWAY  CONSTRUCTION 

(Contiuued    from    Page    184) 
may  properly  be  shipped  in  closely  woven  canvas  bags. 
The  quantity  actually  re<iuired  for  testing  is  approxi- 
mately 5  to  6  lb.,  and  samples  sliould  preferably  con- 
tain from  8  to  10  lb.  of  material. 

Sand  samples  should  consist  of  about  twenty  pounds 
of  material  and  should  he  obtained  by  taking  small 
portions  of  material  from  various  parts  of  tlie  supply 
represented  and  combined  to  form  a  test  sample. 
Samples  of  gravel  and  cnished  .stone  should  be  takcii 
in  a  similar  manner,  about  30  or  40  IJ).  of  material 
constituting  proper  size  sample.  These  samples  may 
be  transmitted  in  canvas  bags  or  tiglit  boxes. 

General  experience  seems  to  teaeii  us  that  a  great 
deal  of  difficulty  is  usually  obtained  in  securing  repre- 
sentative samples  of  rock  from  ledges  in  <iuarries. 
As  a  first  consideration  rock  should  preferably  be 
sampled  by  taking  sampbs  from  all  the  different  for- 
mations within  the  quarry.  In  some  quarry  examina- 
tions conducted  for  the  Michigan  State  Highway  De- 
partment the  speaker  has  selected  as  high  as  25  or  30 
sanrplcs  to  determine  the  entire  range  of  the 
material  in  a  given  ([uarry.  Samples  of  ledge 
rock  should  consist  of  about  40  lb.  of  material 
larger  than  IJ^  in.  in  size.  At  least  one  piece  of  ma- 
terial should  be  approximately  5x5x4  in.  to  enable 
cores  to  bo  drilled  with  a  diamond  drill  for  the  hard- 
ness and  toughness  test.  Owing  to  the  nature  of  the 
material  these  samples  should  preferably  be  enclosed 
in  tight  boxw!  rather  than  .shipping  them  in  sacks 
which  usually  become  destroyed  or  damaged  in  ship- 
ment. 

In  the  eases  of  paving  brick,  saini)les  should  be  taken 
which  accurately  represent  one  lot  or  shipment  of  the 
brick.  One  sample  should  be  taken  to  represent  the 
softer  brick  in  each  load  or  .shipment,  and  another 
sample  to  represent  the  liai-dest  brick.  Tn  addition,  a 
third  sample  representing  the  general  average  of  the 
material  should  be  selected.  Twelve  paving  bricks 
should  constitute  a  sample  and  should  be  shipi)ed  in 
a  box,  or  crate,  preferably  in  rows  with  a  partition 
between  each  six  bricks. 

Asphalt  and  tar  products,  if  sampled  from  tank  cars. 
should  preferably  be  sampled  at  the  time  of  loading 
in  order  to  secure  truly  representative  samples.  When 
this  is  done,  portions  of  the  hot  material  may  be  taken 
at  intervals  during  the  loading  of  the  car  and  com- 


i)ined  to  form  the  test  sample.  When  sampling  from 
drums  or  ban-els,  samples  should  be  taken  from  a  num- 
ber of  drums  or  barrels  in  each  load  or  sliipnient,  and 
combined  to  form  the  test  sample.  In  the  case  of  hard 
products  care  should  be  taken  to  reach  the  interior 
of  the  material  and  not  to  include  the  suiiace  skin, 
together  with  any  foreign  material  which  may  have 
become  adhered  thereto.  Care  should  also  be  taken  not 
to  take  samples  in  these  cases  from  material  exposed  to 
the  weather,  and  on  which  free  water  is  standing.  The 
sampling  of  corrugated  metal  pipe  should  preferably 
be  perfoi'med  at  a  fabricating  plant,  but  owing  to  the 
intermittent  shipment  of  these  products,  such  a  proce- 
dure is  useless  unless  central  purchasing  in  large  quanti- 
ties is  generally  practiced.  When  samples  are  taken 
after  pipe  has  arrived  on  the  ground,  it  is  necessary 
to  use  a  heavy  pair  of  metal  shears,  or  a  hacksaw 
to  remove  the  sample.  On  account  of  the  work  in- 
volved, and  the  danger  of  damage  to  the  sample,  field 
methods  of  testing  are  particularly  desirable  in  the 
ease  of  this  material.  A  field  method  of  testing  these 
products  has  already  been  devised  and  it  is  the  speak- 
er's opinion  that  its  use  will  be  more  generally  adopted 
in  the  future.  The  necessity  for  the  use  of  glassware 
and  chemicals  is  an  objection  to  carrying  such  a  test- 
ing outfit  in  the  field. 

In  the  field  testing  of  materials,  these  various  fea- 
tures in  regard  to  sampling  are  just  as-  neeessarj-  am' 
should  be  followed  out  as  carefully  as  when  taking 
samples  which  are  to  be  sent  to  a  central  laboratory. 

The  testing  of  materials  in  the  field  is  naturalh 
confined  to  those  tests  for  which  equipment  may  read- 
ily be  manufactured  which  is  comparatively  inexpen- 
sive and  easy  to  transport,  and  to  those  tests  whicl' 
do  not  require  strict  conditions  of  temperature  or 
methods  of  analysis  which  can  only  be  carried  on  iii 
an  enclosed  room  under  exacting  conditions.  As  stated 
before,  the  testing  of  such  material  as  Portland  cement 
is  a  laboratory  pi'ocess.  Sand,  gravel,  and  crushed 
stone  may,  however,  be  examined  in  the  field  with  a 
good  deal  of  efficiency. 

The  testing  of  .sand  in  the  field  is,  of  considerably 
more  importance  than  is  generally  recognized,  both 
in  connection  with  preliminary  tests  and  with  the  con- 
trol of  materials  from  known  sources  of  supply.  The 
teats  Avhich  are  oi'dinarily  conducted  on  sand  are  tests 
to  determine  cleanness,  both  as  to  organic  matter  and 
clay,  size  and  grading,  and  strength  in  mortar.  The 
latter  test  is  essentially  a  laboratory  test.  The  size  and 
grading  of  sand  may  readily  be  determined  by  a  set 
of  field  screens  and  sieves.  The  determination  of  quan- 
tity of  clay  and  silt  in  sand  may  readily  be  made  in 
the  field  on  a  volume  basis  by  selecting  a  sample  o? 
the  material,  mixing  it  thnroughlv,  and  cutting  it  dovm 
to  a  .size  suitable  for  testing.  This  small  sample  is 
then  placed  in  a  graduated  glass  cylinder  together  with 
water,  and  the  whole  vigorously  agitated  without  whirl- 
ing.    The  per  cent    of  clay  and  silt,  by  volume,  may 
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then  be  determiued  by  measurement  of  this  material 
which  is  in  the  upper  part  of  the  cylinder  and  wiiich 
may  be  readily  noted  by  the  eye. 

It  is  the  speaker's  opinion  that  the  determination 
of  organic  matter  in  sand  is  one  of  the  most  important 
tests  tliat  may  be  api^lied  to  this  material.  The  rela- 
lionsliip  between  organic  content  and  decrease  in 
sti-eiigth  of  both  mortar  and  concrete  has  been  quite 
definitely  determined,  and  tlie  low  strength  of  con- 
crete, in  many  instances,  may  be  traced  directly  to 
this  particular  feature  of  the  sand.  Small  variations 
in  the  properties  of  Portland  cement  and  other  features 
of  aggregates  are  of  insignificant  importance  if  organ- 
ic matter  is  present  in  the  sand  in  any  considerable 
quantity.  Fortunately  this  quality  of  sand  may  bo 
deternuned  in  the  field  by  a  comparatively  simple 
method.  The  test  as  it  is  usually  made  consists  oi 
tlioroughly  digesting  the  sand  with  a  o%  solution  of 
sodium  hydroxide  and  observing  the  resultant  color 
of  the  liquid  above  the  sand  after  the  mixture  has  been 
allowed  to  stand  for  a  few  hours.  Then  procedure 
may  be  briefly  described  as  follows:  a  3%  solution  of 
sodium  hydroxide  may  be  made  up  by  dissolving  one 
ounce  of  sodium  hydroxide  (obtainable  at  any  drug 
store),  in  enough  water  to  make  32  liquid  ounces.  Fill 
a  12-ovuice  graduated  prescription  bottle  to  the  4^ 
ounce  mark  with  the  sand  to  be  tested,  add  the  3% 
solution  of  sodium  hydroxide  until  the  volume  of  the 
sand  and  the  solution,  after  shaking,  amounts  to  seven 
ounces.  The  mixture  should  be  shaken  very  thoroughly 
and  allowed  to  stand  for  24  hours.  If  the  solution  re- 
sulting from  this  treatment  is  colorless,  or  has  a  liglit 
yellowish  color,  the  sand  may  be  considered  as  prac- 
tically free  from  organic  impurities  and  satisfactory 
for  use  insofar  as  this  quality  is  concerned.  If,  on  the 
other  hand,  a  dark,  brown  colored  solution  is  obtained, 
the  sand  should  not  be  used  for  concrete  aggregate. 
The  time  indicated  above,  of  24  hours,  is  usually  the 
standard  time  allowed  for  settlement  of  the  solution. 
A  very  good  idea  of  the  character  of  the  sand,  how- 
ever, may  be  obtained  in  a  much  shorter  period. 
.  The  size  and  grading  of  gravel  and  crashed  rock  may 
be  obtained  very  esisily  by  means  of  a  compact  set  of 
field  screens  and  sieves. 

Occasionally  one  desires  to  u.se  a  source  of  water 
for  concrete  which  appears  questionable.  While  it  is 
true  that  in  this  state  we  seldom  encounter  unsatisfac- 
tory supplies  of  watei-,  nevertheless,  simple  tests  can 
be  made  in  doubtful  eases  to  determine  whether  any 
supply  is  objectionable.  Strips  of  red  and  blue  litmus 
paper  (wliieh  may  be  obtained  in  any  drug  store)  can 
be  used  by  inserting  tliem  in  the  water  for  a  period 
of  five  minutes  and  noting  the  color  produced.  A 
marked  reversal  in  color'  indicates  the  presence  of  acids 
or  alkalis,  and  makes  further  laboratory  tests  advisable. 
Laboratory  tests  usually  consist  of  determination  of 
total  solids  and  quantity  of  organic  matter  present,  oi- 
a  comparison  of  the  given -water  witli  a  water  of  known 


satisfactory  quality  by  making  standard  tests  of  a 
sample  of  cement  which  is  known  to  be  satisfactory. 
An  important  part  of  the  work  of  field  control  of 
materials  is  in  connection  with  the  control  of  cement 
concrete  entering  into  either  concrete  pavements  or 
other  concrete  strutures  suh  as  bridges,  culvei-ts,  re- 
taining walls  and  other  similar  structures.  Due  to 
the  large  amount  of  investigative  work  wliich  has  been 
completed  in  the  last  two  years,  we  know  a  great  deal 
more  about  the  importance  of  certain  features  in  con- 
nection with  the  manufacture  of  cement  concrete  than 
was  the  case  a  few  years  ago.  Time  of  mixing,  method 
of  curing,  and  the  consistency  of  concrete  are  now  rec- 
ognized as  among  the  most  essential  elements  affecting 
the  finished  product.  Time  of  mixing  and  method  of 
■curing  may  be  easily  controlled  by  the  field  forces  on 
a  con.struction  project.  Consistency  or  the  percent  of 
water  in  concrete  is  another  item  which  has  often  been 
neglected  in  the  past,  but  which  is  now  receiving  more 
careful  attention  on  tJie  part  of  both  construction  or- 
ganizations, such  as  contractors,  state  and  municipal 
forces.  We  know,  beyond  a  doubt,  tliat  a  dry  con- 
crete is  much  stronger  than  a  wet  concrete,  all  other 
conditions  being  equal.  Two  methods  have  been  de- 
vised for  determining  the  consistency  of  concrete,  only 
one  of  which  is  readily  adaptable  for  use  in  the  field- 
This  method  is  known  as  the  "slump"  test  and  is  con- 
ducted by  placing  concrete,  fresh  from  the  mixer,  in 
a  metal  mold  12  in.  high,  8  in.  in  diameter  at  the  bot- 
tom and  4  in.  in  diameter  at  the  top.  This  form  is 
placed  on  a  level  and  prefei'ably  a  non-absorbmt  sur- 
face, such  as  a  metal  plate.  The  concrete  is  placed  in 
the  open  end  in  approximately  three  layers,  each  layer 
being  rodded  with  a  half-inch  or  five-eightJis  inch  steel 
rod,  preferably  pointed  at  the  end.  After  the  form 
is  filled  the  rod  may  be  used  to  strike  off  the  concrete 
level  with  the  top  of  the  form.  The  form  is  then  care- 
fully removed  by  raising  it  in  a  vertical  direction  and 
the  distance  which  the  concrete  slumps  down,  or  in 
other  words,  the  difference  between  twelve  inches  and 
the  remaining  height  of  the  concrete  after  the  form  is 
removed,  generally  denoted  as  the  "slump,"  is  con- 
sidered as  a  measure  of  the  consistency  of  the  material. 
The  entire  apparatus  for  this  simple  field  test  can  be 
obtained  at  a  cost  of  two  or  three  dollars,  and  if  kept 
properly  cleaned,  may  be  used  for  several  seasons. 

Tests  of  the  concrete  itself  may  be  conducted  in  a 
laboratory  by  taking  specimens  for  tests  of  compressive 
strength,  weal-  or  cross  breaking  strength.  Probably 
the  most  logical  test  to  use  is  the  one  involving  the 
cross  breaking  strength  of  the  material.  This  test, 
however,  iinless  laboratory  facilities  are  provided  very 
close  to  the  work  is  impracticable  on  account  of  the 
necessarily  lai-ge  size  of  the  specimen  and  the  cost  of 
transporting  it  to  the  laboratoi'y.  Compressive  strength 
tests  or  tests  for  wear  have  generally  been  utilized  to 
a  greater  extent. 

One  of  the  Tiio.st  important  divi.sions  of  field  testing 
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is  iu  tfoimectioii  with  the  opt>rafioii  of  hituniiiious  pav- 
ing plants,  luit  as  tliis  suhji't-t  is  to  be  eovcietl  by  an- 
other speaker  at  this  eoufereiiee,  it  will,  tlu  leloie,  not 
be  considered  in  this  discussion. 

We  have  referred  to  the  general  plan  of  laboratory 
testing.  Laboratory  testing  may  be  conducted  in  a 
central  laboratory  or  in  a  temporary  laboratory  con- 
nected with  or  near  the  manufacturing  plants  at  vvhieli 
the  materials  are  actually  produced.  Plant  testing  de- 
pends to  a  great  extent  upon  economy  in  connection 
witli  such  procedure.  When  an  oragnization  is  obtain- 
ing a  large  volume  of  the  products  or  any  given  plant 
it  may  often  be  economical  to  test  the  product  at  the 
plant  itself.  This  method  is  by  far  the  most  con- 
venient one  on  account  of  the  fact  that  the  quality  ol' 
materials  can  usually  be  determined,  and  results  of 
tests  made  known  on  the  job  prior  to  shipment  or  re- 
ceipt of  the  material,  bi  tliis  connection  the  testing 
of  Portland  cement  offers  one  place  wliere  plant  test- 
ing may  often  be  followed  economically.  The  use  of 
aggregates  of  either  sand,  gravel  or  crushed  stone  on 
a  large  scale  always  makes  it  desirable  to  follow  up 
inspection  of  these  materials  at  their  source.  As  in 
the  case  of  Portland  cement  these  matoi-ials  can  read- 
ily be  tested  at  the  plant,  and  their  quality  determined 
prior  to  shipment.  In  connection  with  aggregates  it 
is  extremely  important  that  the  plant  inspector  actu- 
ally inspect  the  loading  of  each  car  of  material. 

Bituminous  materials  such  a.s  asphalt  cement  and 
various  tar  products  may  also  be  properly  tested  at 
plants. 

Where  plant  testing  is  not  followed  it  is  desirable, 
in  the  case  of  such  materials  as  Portland  cement,  as- 
phalt and  tar,  to  station  samplers  at  these  plants  and 
have  samples  taken  at  the  time  of  shipment,  which 
may  be  transmitted  to  a  central  laboratory  and  test 
results  obtained  as  soon  as  possible  after  receipt  of 
the  samples.  Plant  samplers  in  these  cases  usually 
consist  of  men  who  do  this  work  in  addition  to  some 
other  duties. 

In  the  case  of  large  organizations  embracing  a  rather 
large  area  of  territory,  the  establishment  of  brancli 
laboratories  in  connection  with  the  main  laboratory 
for  testing  materials  may  be  followed  out  economically, 
and  wUl  serve  to  measurably  increase  the  facilities  for 
the  inspection  of  materials.  As  an  illustration  we  may 
take  the  work  of  the  Michigan  State  Highway  Depart- 
ment, which  is  scattered  over  a  large  area.  On  ac- 
count of  the  fact  that  the  Upper  Penin.sula  is  situated 
80  far  from  the  seat  of  government,  and  the  location 
of  the  State  laboratory,  a  branch  laboratory  located 
at  some  city  in  the  Upper  Peninsula  should  work  out 
ae  a  very  convenient  and  necessary  arrangement.  In 
addition  a  branch  laboratory  for  the  upper  portion  of 
the  Lower  Peninsula  would  likewise  appear  to  be  de 
sirable.  It  is  qiute  possible  that  some  such  arrange- 
ment as  this  may  be  worked  out  in  the  very  near 
future. 


In  connection  with  the  examination  of  materials  it 
auiy  be  well  to  consider  one  pliase  of  the  subject  whicli 
possibly,  iu  the  minds  of  sonic  of  you,  is  iiiisuuder- 
stood  at  the  present  time.  1  refer  to  the  matter  of 
re-testing  of  (materials,  vvhieh  on  original  test  have 
failed  iu  some  one  or  more  particulars,  and  particu- 
larly to  the  case  of  Portland  cement. 

We  have  already  discussed  tJie  various  properties  of 
Portland  cement,  dividing  them  into  three  classes  ac- 
cording to  the  time  necessary  to  complete  tests.  These 
properties  may  also  be  divided  into  two  other  classes; 
into  one  of  which  we  wouUl  place  those  properties 
which  are  unchangeable,  or  very  nearly  so,  in  theii' 
nature;  into  the  other  class  we  may  place  those  prop- 
erties of  cement  which  may  undergo  changes.  Under 
the  first  classiiieation  we  have  such  properties  as  fine- 
ness, and  to  a  limited  extent,  tensile  strength  of  stan- 
dard mortar.  In  the  second  classification  we  may 
place  the  properties  of  time  of  setting  and  soundness. 

When  a  cement  upon  original  test  fails  on  fineness 
it  does  so  because  of  the  fact  that  the  material  is  not 
ground  finely  enough  to  meet  tiie  reiiuirenients  of  the 
standard  specifications  for  size  of  particles.  This  prop- 
erty is  changeable  only  to  a  very  slight  extent  and 
hence  rejections  on  this  property  do  not  warrant  re- 
testing  of  cement  unless  sampling  has  been  performed 
in  an  entirely  unsatisfactory  and  ini])roi3er  manner. 

If  a  cement  fails  on  time  of  setting  or  soundness, 
the  user,  if  he  desires  to  hold  the  material  for  a  re-test, 
may  properly  I'cquest  that  another  sample  be  taken 
and  tested  from  a  certain  load  oi'  shipment  which  has 
previously  failed  on  either  or  both  of  these  tests.  The 
user,  whether  a  contractor  or  an  organization,  whicli- 
ever  the  case  may  be,  must  necessarily  i-esunie  all  the 
responsibility  for  the  cost  of  holding  the  material  for 
this  retest. 

In  the  case  of  failure  of  cement  due  to  low  tensile 
strength,  a  considerable  amount  of  time  is  necessary 
in  order  to  complete  a  second  test.  Therefore,  the 
matter  of  economy  enters  very  materially  into  the 
question  of  retesting. 

It  perhaps  may  not  be  out  of  place  to  refer  to  some 
features  in  connection  with  the  administration  of  lab 
oratory  work. 

On  account  of  the  fact  tliat  laboratory  tests  of  ma- 
terials involve  shipments  of  considerable  value,  it  is 
absolutely  essential  that  the  work  of  testing  be  car- 
ried on  by  efficient  workmen,  thoroughly  trained,  and 
performing  their  woi'k  according  to  certain  definitely 
outlined  methods.  Methods  of  examination  of  mate 
rials  used  in  highway  in/J)rovement  have  been  largely 
the  result  of  work  done  by  organizations  such  as  the 
U.  S.  Bureau  of  Standards,  U.  S.  Bureau  of  Public 
Roads,  The  American  Society  for  Testing  Materials. 
The  American  Society  of  Oivil  Engineers,  and  other 
like  organizations.  At  tin;  present  time  the  testing  of 
these  various  materials  has  been  placed  on  a  rathei' 
standard  basis,  and  the  work   of  testing   carried   on 
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tliiougliout  the  country  is  rapidly  beeoiiiing  more  and 
more  staiulardized,  using  more  uniform  metliods. 

It  may  readily  be  seen  that  exti'cme  accuracy  .s 
necessary  in  the  conduct  oi  tliis  work,  and  that  an 
error  due  to  lack  of  training  or  carelessness  is  very 
much  more  serious  than  often  is  the  case  in  connection 
with  construction  work  itself.  For  this  reason  tlu- 
training  of  men  engaged  in  this  work  becomes  of  para- 
mount importance. 

In  the  laboratory  of  the  Michigan  State  Highwa.y 
Department,  both  technical  and  non-technical  men  aro 
utilized  in  the  examination  of  materials,  each  working 
in  the  sphere  for  which  he  is  particularly  fitted.  Op- 
erators on  Portland  cement  who  conduct  physical  testii 
only  are  not  permitted  in  the  case  of  such  tests  as  time 
of  setting,  soundness,  and  tensile  strength,  to  perform 
routine  tests  until  they  have  passed  through  a  period 
of  training  of  from  two  to  three  months,  working  un- 
der the  direction  of  experienced  men.  In  many  cases 
this  period  has  actually,  on  account  of  existing  con- 
ditions, been  extendetl  to  far  greater  periods.  Tlie 
same  is  likewise  true  with  reference  to  other  materials 
and  every  effort  is  made,  in  the  cases  of  failure,  to  meet 
certain  specification  requirements,  to  carefully  ascer- 
tain by  means  of  check  tests  that  the  results  obtained 
are  correct. 

The  work  of  a  testing  laboratory  is  not  confined  en- 
tirely to  the  routine  testing  of  materials.  Many  other 
duties  are  part  of  a  laboratory's  responsibility.  In  ad- 
dition to  the  routine  testing  of  materials  it  should  be 
the  duty  of  a  laboratory  to  assist  in  the  proper  usage 
of  materials,to  aid  in  the  advancement  of  knowledge 
of  materials,  by  conducting  investigations  and  work 
of  a  research  nature,  and  by  assisting  in  ascertaining 
and  recording  the  extent  and  properties  of  local  mate- 
rials available  for  use;  also  by  assisting  in  the  prep- 
aration of  specifications  for  materials.  It  should  also 
be  the  duty  of  a  laboratory  to  keep  a  record  of  mate- 
rials tested  in  such  a  way  that  at  any  time  the  nature 
of  materials  entering  into  any  given  portion  may  be 
quickly  and  accurately  detei-mincd.  Last,  but  not 
least,  the  utilization  of  a  laboratory  in  the  training  of 
employees  in  the  use  of  materials  is  most  certainly  i 
valuable  and  essential  part  of  its  work.  This  function 
of  the  laboratory  cannot  be  measured  in  the  number 
of  tests  conducted,  or  quantity  of  material  represented 
by  tests,'  but  :s  nevertheless  a  ver>-  important  servic." 
to  public  organizations. 

The  cooperation  of  a  central  testing  laboratory  with 
field  forces,  involves  not  only  accurate  and  speedy 
service  on  the  part  of  the  laboratory,  but  a  willingness 
to  assist  field  forces  in  every  way  possible.  The  ad- 
ministration of  laboratory  woi'k  along  these  lines  is 
essential  to  the  efficiency  of  the  organization  with  which 
it  is  connected  to  insure  the  obtaining  of  materials  of 
proper  quality,  the  proper  usage  of  materials  on  work, 
and  tlie  recording  of  data  of  value  to  the  organization 
it  serves. 


ROAD  WORK  WILL  RELIEVE  UNEMPLOYMENT 

Unemployment  in  Ohio  will  be  materially  relieved  by 
tlie  state's  highway  construction  program  this  year, 
in  the  opinion  of  Highway  Director  Hemck.  The 
highway  department  is  now  bending  every  effort  to 
award  by  May  1  all  contracts  for  1922  road  construc- 
tion and  repair  work,  to  insure  an  early  completion 
this  year  of  every  project  started. 

Plans  for  the  year's  construction  call  for  approxi- 
mately 750  nu.  of  work,  according  to  Herrick.  Of  the 
total  mileage  planned  by  the  department,  contracts 
have  already  been  awarded  for  125^^  mi.  Contractors 
will  start  on  these  jobs  as  soon  as  the  weather  permits. 

E.  C.  Blosser,  chief  engineer  for  the  highway  de- 
partment, estimates  that  this  year's  program  will  give 
employment  to  between  35,000  and  40,000  men. 


HEARINGS  ON  FEDERAL  AID  BILL 

Public  hearings  on  the  federal  bill  continuing  fed- 
eral aid  were  started  on  March  15  before  the  House 
Committee  on  Roads.  According  to  the  bill  introduced 
by  Representative  Woodruff,  $50,000,000  would  be 
made  available  for  the  fiscal  year  starting  July  1,  $65,- 
000,000  for  the  next  year  and  $75,000,000  for  the  fol- 
lowing year.  This  bill  also  provides  for  $15,000,000 
for  road  work  in  national  forests  during  the  next  three 
fiscal  years. 


COST  OF  PAVING  COMPILED  ON 

VARIOUS  TYPES  OF  MATERIAL 

Average  costs  per  square  yard  of  various  types  of 
paving  for  country  roads  have  been  compiled  by  the 
Bureau  of  Public  Roads.  The  figures  cover  68,000,000 
sq.  yd.  of  paving  constructed  with  federal  aid  in  all 
parts  of  the  United  States  during  tJie  period  1916-1921. 
The  costs  per  square  yard  are  as  follows :  Sandy-clay, 
18  ct. ;  gravel,  46  ct. ;  plain  and  surface-treated  mac- 
adam, 95  ct. ;  bituminous  macadam,  $2.10;  bituminous 
concrete,  $2.50;  plain  cement  concrete,  $2.57;  rein- 
forced cement  concrete,  $2.74;  and  brick,  $4.10. 

These  figures  cover  only  the  cost  of  the  paving;  they 
do  not  include  the  cost  of  grading,  and  officials  point 
out  that  it  must  not  be  assumed  that  roads  of  the  sev- 
eral types  can  be  constructed  in  any  locality  at  these 
fignires.  For  example,  the  cost  of  bituminous  concrete 
varied  from  $1.70  in  the  New  England  states  to  $3.13 
in  the  group  of  states  including  Kentucky,  Tennessee, 
Mississippi,  and  Alabama.  In  one  group  of  states  the 
cost  of  brick  dropped  to  $2.40.  Costs  of  constructing 
these  types  in  the  various  groups  of  states  have  been 
compiled  and   can  be  obtained  from   the   bureau. 


NEW  JERSEY  PASSES  BOND  ISSUE 

The  New  Jersey  Legislature  on  March  17  passed  a 
measure  to  submit  to  referendum  vote  a  $40,000,000 
highway  bond  issue.  This  bill  had  previously  been 
vetoed  by  the  governor,  the  legislature  passing  it  over 
liis  veto. 
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MEETINGS 

Calendar  of  Coming  Meetings 

June  4-6 — American  Association  of  Engineers — An 
nual    convention,  Salt    Lake  CSty,  Utah.    Secretary, 
C  E.  Drayer,  Chicago,  111. 

June  13-16 — Canadian  Good  Roads  Association — 
Niiilli  annual  couveutiou,  Victoria,  B.  C.  Secretary- 
treasurer,  George  A.  McNauiee,  Birks  Bldg.,  Montreal, 
Canada. 

June  26-JuIy  1 — American  Society  for  Testing  Mate- 
rials— Twenty-til'th  annual  uieetiug,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineeis"  Club  Bldg.,  Phila- 
delphia, Pa. 

Oct.  9-13 — American  Society  for  Municipal  Improve- 
ments— Annual  convention,  Cleveland,  O.  Secretary, 
Charles  Carroll  Brown,  Valparaiso,  lud. 


THIRD  OF  TRUCKS  OVERLOADED 

ON  MASSACHUSETTS  HIGHWAYS 
Every  third  truck  on  the  ilartford-Spring-tiold  road 
and  the  Boston  Poart  road  in  Connecticut  was  loaded 
beyond  the  capacity  of  the  truck  and  the  tires,  accord- 
ing to  a  report  covering  two  weeks  of  investigation  on 
each  roadway  conducted  by  the  Bureau  of  Public  Roads 
in  cooi>eratiou  wiht  the  Connecticut  State  Highway 
Department.  Overloading  occurred  on  all  types  of 
tnicks,  but  was  most  common  on  the  trucks  of  3  to  5 
tons  capacity.  One  3-ton  truck  was  found  to  have  a 
62  per  cent  overload.  It  was  found  tliat  89  per  cent 
of  the  trucks  on  regular  trucking  lines  had  a  total 
weight  of  truck  and  load  in  excess  of  12i/2  tons,  the 
maximiun  weight  allowed  by  law  in  the  state. 


LOCAL  HIGHWAYS  BECOMING 

LONG-HAUL  THOROUGHFARES 

The  United  States  is  now  in  a  perio<l  of  great  high- 
way development,  and  in  a  few  years  many  roads 
which  now  carry  only  local  traffic  originating  largely 
within  5  or  10  mi.  of  the  road  will  be  carrying  a  large 
percentage  of  through  traffic,  much  of  it  coming  from 
outside  the  state.  This  is  tJic  opinion  of  officials  of 
the  Bureau  of  Public  Roads,  based  irpon  the  report  of 
two  traffic  censuses  taken  by  the  bureau  in  cooperation 
with  the  State  Highway  Department  of  Connecticut. 

The  roads  selected  were  part  of  a  fairly  complete 
system  of  highways.  The  first  census  sliowed  an  aver- 
age of  2,907  passenger  cars  and  281  trucko  passing  the 
recording  station  a  day;  and  the  .second,  3,832  cars 
and  511  trucks.  Forty-seven  per  cent  of  the  cars  came 
from  without  the  state.  Drivers  were  questioned  as 
to  the  length  of  travel  for  the  day,  and  results  showed 
average  figures  of  70  mi.  and  52.4  mi.  for  the  two  cen- 
suses. 


The  average  haul  for  truck  tralfic  was  47.5  mi.,  some 
of  thcui  hauling  a  distance  of  250  mi.  Officials  point 
out  that  traffic  of  this  nature  has  developed  in  a  period 
of  something  like  10  years  on  a  road  whicli  prior  to 
1910  carried  almost  entirely  local  traffic.  It  must  b^ 
concluded,  therefore,  they  say,  that  roads  which  are 
now  being  improved  to  form  part  of  througli  higliway 
routes  should  be  designed  to  take  care  of  a  great  deal 
more  than  the  local  traffic  or  that  which  is  expected 
to  originate  locally  with  the  coming  of  better  i-oads. 


WISCONSIN  BUYS  CEMENT  FOR  ROADS 

Tile  Wisconsin  Highway  Commission  on  Marcli  15 
decided  to  accept  bids  on  the  entire  4,500,000  bari-els 
of  cement  needed  to  construct  the  400  mi.  of  concrete 
roads  planned  for  the  present  year  at  a  price  of  $1.41 
net  mill. 

This  means  that  the  cement  boycott  of  eight  middle 
western  states  which  held  out  for  lower  bids  from 
cement  concerns  is  broken,  A.  R.  Hirst,  higliway  en- 
gineer, aaid. 

Wisconsin  had  pi-eviously  accepted  a  bid  of  $1.30 
net  mill  on  400,000  bai-rels  of  cement  from  the  Mar- 
quette company.  Othei-  concerns  failed  to  meet  tlie  price 
and  in  order  that  the  building  program  contemplated 
by  the  state  and  counties  might  be  carried  to  com- 
pletion, it  was  determined  to  close  contracts  for  the 
whole  amount  needed. 


BROOKLYN  TO  HAVE  ASPHALT  PLANT 

The  Board  of  Estimate  of  New  Yoi'k  City  has  appro- 
priated $970,000  for  the  construction  of  an  asphalt 
plant  in  the  Borough  of  Brooklyn.  This  plant  will  be 
able  to  turn  out  2,500  sq.  yd.  of  pavement  a  day. 


PERSONAL  MENTION 


Julian  Montgomery  has  resigned  as  city  engineer  of 
Wichita  Falls,  Tex. 

F.  M.  Rugely  lias  been  appointed  city  engineer  of 
Wichita  Falls,  Tex. 

W.  C.  Buctow  has  been  appointed  bridge  engineer 
of  the  Wisconsin  State  Highway  Department. 

W.  H.  Rhodes,  Jr.,  has  been  appointed  maintenance 
engineer  with  the  Louisiana  State  llifjliway  Depart- 
ment. 

F.  C.  Liiigcnfelter,  formerly  city  engineer  of  Indian- 
apolis, Ind.,  has  opened  an  office  in  that  city  for  con- 
.sulting  practice. 

A.  F.  Hartley  has  been  apjjointed  higliway  engineei' 
for  the  Cocoa  Beach  Special  Road  District,  Florida. 
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ASPHALT 
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Asphalt 
Proved 
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Asphalt  Makes  Tremendous  Gains 

More  than  70,000,000  sq.  yds.  of  asphalt  pavement 
were  laid  in  the  United  States  and  Canada  in  1921. 


The  Biggest  Year  in  Asphalt  History 

Write  for  brochures  and  complete  specifications  on 
all  asphalt  types. 

THE  ASPHALT  ASSOCIATION 
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No  highway  en- 
gineer or  road  ol- 
iicial  should  I' 
without  a  c»: 
of  our  latest  man- 
ual, "Koad  Main- 
tenanccwithTar- 
via."  Our  nearest 
office  will  gladly 
send  free  copy  on 
request. 


"Nobuil\'  will  ikn\  - 
that  every  additional 
mdc  of  sood  roads  will 
sirvc  to  diminish  the 
immense  costs  ot  dis- 
tiibution  and  trans- 
portation— that  mean, 
gnawing  expense  which 
doubles  the  price  of 
virtually  everything 
we  buy  ." — Cnllit'r's 


What  did  the  Winter 
do  to  Your  Roads? 


In  communities  where  the  an- 
nual Spring  thaw  turns  roads 
into  mires  of  soggy  mud,  Spring 
is  a  season  of  discomfort  and 
isolation. 

Throughout  the  country,  there 
are  still  thousands  of  such  com- 
munities. Perhaps  yours  is  one 
of  them.  Perhaps  the  picture 
at  the  top  of  the  page  is  typical 
of  some  roads  in  your  locality. 

Now  look  at  the  Tarvia  Roads 
shown  at  the  right.  These  roads 
are  waterproof  and  frost-proof. 
Neither  the  freezes  of  Winter 
nor  the  thaws  of  Spring  have 
any  effect  upon  them.  These 
highways  are  firm,  smooth,  dust- 
less  and  mudless  all  the  year 
round. 


Your  community — a  n  y  c  o  m  ■ 
munity— can  afford  such  roads. 
They  are  comparatively  low  in 
first  cost,  and  are  so  much  more 
economical  over  a  term  of  years 
that  the  saving  makes  a  more 
extensive  road  program  pos- 
sible. In  many  cases  the  old 
macadam  or  gravel  can  be  util- 
ized as  the  foundation  for  a 
traffic-proof  Tarvia  top. 

We  would  like  to  tell  you  more 
about  the  many  uses  of  Tarvia, 
its  ease  of  application  and  its 
economy  as  a  maintenance  ma- 
terial for  hard-surfaced  roads 
and  pavements  of  every  type.  A 
letter  addressed  to  our  nearest 
office  will  bring  you  facts,  fig- 
ures and  pictures. 


JHnsdaU-Downers  Grove  Road^  Dovmers  Grovf,  III. 
'*Tarvia-X"  1Q20 

-^^t■;rf'V^.':(-yi^.^;^ 


^>KlMS.< 


hood  fi.'ar  llcinnver  Cejtler,  llanoveft  Mass. 
Trealfd  with  **Tarvia-B"  since  los6 


For  Road  Construct/on 
Ropair  and  Maintenance 


Special  Service  Department 

'I'his  company  has  a  corps  of  trained 
engmeers  and  chemists  who  have  given 
years  of  study  to  modern  road  prolilems. 
'I  he  advice  of  these  men  may  be  had  for  the 
asking  by  anyone  interested.  If  you 
will  write  to  the  nearest  office  regard-  , 

ing  road  problems,  and  conditions  in 
your  vicinity,  the  matter  will  be 
given  prompt  attention. 


''^^. 
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Widening  Narrow  Road  Surfaces 


By  O.   O.  BOLUttANt 


The  old  narrow  roads  in  Wisconsin  are  composed 
mostly  of  gravel,  stone  and  concrete.  The  construc- 
tion of  the  gravel  and  stone  dates  back  many  years. 
TJie  concrete  surfaces  date  back  to  1912. 

In  the  early  days  when  the  towns  placed  the  gravel 
or  stone  upon  our  highways  it  was  dumped  on  thi! 
subgrade  one  load  ahead  of  the  other  and  spread  to 
just  about  a  width  of  the  wheels  of  a  wagon;  the  idea 
being  that  the  traffic  would  spread  the  material.  At 
tlie  best,  this  material  did  not  spread  over  9  or  10  ft. 
by  the  above  method. 

I  can  safely  say  that  all  gravel  or  stone  surfaces 
placed  before  our  State  Aid  Law  went  into  effect,  were 
narrow,  outside  of  a  few  roads  built  under  the  County 
Aid  Law. 

In  1912  we  .started  to  work  under  the  State  Aid  Law, 
and  our  standard  width  for  gravel  or  stone  surfaces 
was  9  ft.  for  single  track  roads,  and  14,  15,  16  and  18 
ft.  for  double  track  roads. 

A  great  deal  of  the  early  state  aid  work  was  done 
by  day  labor,  and  the  counties,  in  most  cases  wanted 
to  produce  as  much  length  as  possible,  and  they  there- 
fore held  to  minimum  widths  of  surfaces  for  several 
years.  Tlie  9  ft.  road  served  its  purpose  very  well  dur- 
ing the  days  of  light  travel. 

Up  to  the  time  that  the  State  Trunk  Highway  Law 
went  into  effect  we  had  no  real  system  of  roads,  and 
very  little  was  done  to  build  a  surface  mucli  wider 
than  9  ft.  Our  experience  in  widening  old,  narrow 
surfaces  dates  back  to  al)0ut  ]918. 

In  the  spring  of  1918  we  started  to  widen  some  of 
the  old  gravel  and  stone  roads  that  had  been  placed 
by  the  townships.  The  majority  of  this  work  came 
under  what  was  called  gang  maintenance.  We  did 
not,  in  all  cases,  have  in  mind  the  widening  of  this 
surface,  our  idea  being  to  level  the  material  and  make 


*Paper  presented  at  Wisconsin  Road  School. 
tDivision    Engineer,    Wi.'iconsin    State    Highway    Depart- 
ment. 


it  a  smooth-riding  surface.  This  work  required  :i 
heavy  grader  and  scarifier,  and  as  we  cut  into  the  ma- 
terial that  was  humped  up  in  the  center  of  the  road, 
the  action  of  the  grader  widened  it  somewhat.  This 
widening  gave  us  a  feather  edge  gravel  surface,  and 
in  many  cases  the  thickness  of  the  surface  was  reduced 
to  a  point  where  it  caused  trouble  the  next  year  for 
tlie  reason  that  it  was  left  thin,  but,  nevertheless,  it 
made  a  wonderfuHmprovement  in  the  riding  qualities 
of  the  road,  and  I  believe  I  am  safe  in  saying  that 
our  early  gang  maintenance,  which  was  done  to  widen 
and  level  the  material  dumped  by  the  townships,  made 
improvements  which  the  traveling  public  did  not  think 
possible. 

The  widening  of  the  gravel  and  stone  surfaces,  as 
mentioned,  did  not  cause  any  particular  trouble  and 
did  not  require  any  equipment  outside  of  a  grader 
and  scarifier  with  sufficient  power  to  pull  it.  A  big 
■percentage  of  this  material  was  oversize,  and  had  to 
be  raked  out,  picked  up  and  hauled  a\^ay.  I  believe 
we  have  widened  more  miles  of  gravel  or  stone  sur- 
faces by  the  above  method  than  any  other  way. 

The  widening  of  our  old  9  ft.  stone  or  gravel  roads 
that  we  built  under  the  State  Aid  Law  is  done  some- 
what different.  This  could  not  be  moved  out  with 
a  gi'ader  on  account  of  the  earth  shoulders. 

The  methods  used  in  widening  our  9  ft.  trench  jobs 
varied  as  follows: 

1.  Breaking  up  the  earth  shoulder  and  cutting  -i 
new  trench  with  a  grader  the  same  thickness  as  the 
present  surface  and  filling  this  trench  with  new  ma- 
terial. In  many  casfes  the  old  material  had  to  be 
scarified  and  re-shaped  to  make  the  crown  uniform 
throughout. 

2.  Placing  3  or  4  in.  of  new  material  on  top  of  the 
old  surface  and  spreading  it  over  the  shoulder  3  or  4 
ft.,  making  the  road  a  16  or  18  ft.  feather  edge  job. 

3.  Cutting  away  the  earth  shoulder  to  a  point  level 
with  the  bottom  of  the  present  surfacing  and  scarifying 
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the  old  material  aud  spreading  it  out  to  about  a  16  ft. 
bottom  course.  Alter  this  bottom  course  had  coui- 
pacted  somewhat,  a  new  course  was  added  wliieh  was 
i-ouiposod  01  liner  material,  aud  lor  that  reason  it  was 
spread  wider  tlian  the  bottom  course  in  order  to  give 
the  patrolman  the  liner  material  to  grade  in.  TMs  is 
very  important  for  the  reason  that  in  our  older  sur- 
faces the  bottom  coui-se,  in  the  majority  of  cases, 
would  be  coarse  material,  and  if  this  is  not  kept  in 
and  covered  with  finer  material,  the  patrolman  will 
be  handicapped  in  getting  finer  material  to  grade  into 
the  center  of  the  road. 

The  widening  of  the  old  gravel  and  stone  roads  has 
not  been  difficult,  and  the  work  in  the  majority  of 
cases  has  stood  up  under  present-day  traffic  very  well 
\\  lierever  we  used  enough  good  material  to  build  up 
the  road  to  8  or  9  in.  in  thickness. 

We  had  to  keep  in  mind  getting  a  bond  with  the 
old  material  and  to  see  that  the  crown  was  not  ex- 
cessive. The  matter  of  crown  is  very  important  in 
the  widening  work  for  the  reason  that  the  new  mater- 
ial added  along  the  edges  in  most  cases  will  compact 
and  settle  more  than  the  center  of  the  road,  thereby 
causing  a  somewhat  dangerous  condition  to  travel.  We 
have  made  several  mistakes  in  the  widening  of  old 
.surfaces  without  adding  sufficient  new  material.  This 
caused  failure  the  next  spring  because  there  was  not 
thickness  enough  to  carry  up.  We  will  continue  to 
widen  the  stone  and  gravel  surfaces  from  year  to 
year  as  traffic  becomes  heavy. 

Some  of  our  old  water-bound  macadam  roads  have 
been  re-surfaced  and  widened  in  one  operation  in  the 
following  manner:  The  old  stone  was  scarified  and 
widened  to  the  desired  width  and  used  as  a  base 
course.  This  was  well  rolled,  the  voids  filled,  and  a 
3  in.  tar  penetration  top  added.  The  above  method 
utilized  all  old  material  making  a  first  class  founda- 
tion and  gave  us,  by  adding  the  new  top,  a  very  satis- 
factorj-  road  which  stood  up  under  heavy  traffic. 

The  widening  of  our  narrow  concrete  surfaces  was 
started  soon  after  they  were  laid.  Gravel  or  crushed 
stone  is  the  material  used.  To  start  with  this  material 
was  added  to  the  earth  shoulder  a  few  fliches  at  a 
lime,  possibly  not  over  1  or  2  ft.  wide.  This  was  done 
to  get  away  from  the  small  ruts  along  the  edge  of  the 
concrete.  As  traffic  got  heavy  we  had  to  cut  away  the 
earth  shoulder  and  fill  it  with  gravel  or  stone.  Where 
the  gravel  or  stone  was  rolled,  or  comj)aeted  by  traffic, 
this  method  helped  the  situation  somewhat,  but  we 
found  on  heavy  traffic  roads,  the  continual  crowding 
away  of  this  material  right  next  to  the  concrete  made 
a  drop  of  from  1  to  3  in.  at  this  point  which  made  it 
dangerous  when  one  set  of  wheels  left  the  concrete 
surface  and  turned  to  get  hack  upon  it.  The  gravel 
or  stone  shoulder  requires  continual  maintenance  to 
keep  this  material  at  the  same  elevation  as  the  con- 
crete. The  above  method  was  used  a  great  deal  for 
the  reason  that  it  did  not  require  much  equipment  to 
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place  it,  and  the  material  was  available  at  a  short 
haul  in  the  majority  of  cases.  We  find  that  the  crushed 
si  one  does  not  produce  any  better  shoulder  than  gravel, 
unless  it  is  surface  treated  heavy  near  the  edge  of  tlie 
conci'cte. 

The  widening  of  our  narrow  concrete  roads  with 
bitiuninous  macadam  has  worked  out  very  well,  and 
lias  the  advantage  over  stone  or  gravel  in  tliat  it  stays 
wiiere  put.  This  type  of  construction  gives  a  smooth 
surface,  and  if  built  right,  will  not  crowd  away  from 
the  edge  of  the  concrete. 

We  shouldered  a  9  ft.  concrete  job  in  Outagamie 
County  in  1920  witji  tar  shoulders.     It  is  as  follows : 

Tar  Penetration  Macadam  Shotdders  on  9  Ft. 
Concrete  Road 

1,700  ft.  of  9  ft.  concrete  widened  to  18  ft.  witli 
4.5  ft.  macadam  base  on  either  side  covered  with  4.5 
ft.  tar  penetration  macadam. 

Average  haul  for  stone  delivered  by  trucks,  6  mi. 

Tar  and  15  cu.  yd.  gravel  delivered  from  Appleton, 
n  distance  of  13  mi.  (68  bbls.). 

Crew  consisted  of  foreman  and  6  men. 

Equipment:  tar  kettle,  two  pouring  cans,  and  steam 
roller,  small  tools. 

Trench  for  shoulders,  excavated  8  in.  deep  and  4  ft. 
wide.     Foundation  5^  in.  w^earing  course  2^^  in. 

520  cu.  yd.  stone  at  $4.25  del $2210.00 

3,400  gal.  tar  at  20  ct.  del 680.00 

Labor  (trenching,  vsproading  stone,  pouring 

tar.  and  rolling) 528.85 

Total  cost  of  1,700  sq.  yd $3,418.85 

C^ost  per  .square  yard,  $2.01. 

A.  G.  Brusewitz,  County  Highway  Commissioner, 
Outagamie  Road  and  Bridge  Commissioner,  and  Di- 
vision Engineer  Otto  RoUnian  have  expressed  their 
satisfaction  with  the  work  as  it  stands. 

Widening  of  Narrow  Surfaces  on  Curves 

On  our  old  work  we  have  many  right  angle  turns. 
These  turns  have  been  widened  from  time  to  time 
</n  the  inside  with  stone  or  gravel,  and  we  have  worked 
tlie  right  angle  turn  into  a  curve  which  has  a  radius 
of  from  50  to  75  ft.  This  at  the  best  is  sharp,  and  is 
not  taking  care  of  th(!  fast  traffic.  In  the  majority 
of  cases  we  have  stopped  this  widening,  and  have 
'.tarted  to  re-locate  the  road  putting  in  curves  that 
ifavc  a  radius  of  300  ft.  or  more,  and  building  the  new 
surface  a  minimum  width  of  20  ft.  on  the  secondary 
roads,  and  a  minimum  width  of  24  ft.  on  the  main 
lines  of  traffic.  The  widening  of  our  concrete  roads 
at  right  angle  turns  has  in  some  cases  been  a  case  of 
paving  the  intersection.  This  is  especially  true  where 
tv/o  important  highways  cross.  We  believe  the  ten- 
dency in  the  future  will  be  to  swing  in  easy  curves 
petting  away  from  the  road  intersection  altogether, 
than  to  be  continually  widening  at  these  points.  The 
widening  of  concrete  surfaces  at  right  angle  turns  or 
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road  intersections  becomes  expensive  on  account  of 
the  number  of  square  yards  of  concrete  that  we  place 
from  time  to  time.  A  relocation  in  many  cases  will 
shorten  the  distance  and  Avill  not  require  the  number 
of  square  yards  of  pavement. 

Narrow  Concrete  Roads  Widened  With  Concrete 

Wayne  County,  Michigan,  has  tlie  following  to  say 
in  their  fifteenth  annual  report: 

The  construction  of  concrete  shoulders  for  widening 
narrow  concrete  roads  put  down  during  the  early  peri- 
od of  Wayne  County's  highway  l)uilding  is  the  means 
we  are  using  to  secure  relief  from  the  excessive  cost 
of  maintaining  macadam,  gravel  and  penetration  ma- 
cadam slioulders,  and  to  place  these  highways  in  condi- 
tion efficiently  to  carry  our  rapidly  multiplying  traffic. 
The  report  states  that  they  are  using  caterpillar  trac- 
tors to  plow  and  grade  out  the  old  earth  and  stone 
shoulders.  "Men  follow  with  sledges  and  break  off  the 
edges  of  the  old  12  ft.  concrete  road  making  it  rough, 
and  uneven  so  as  to  secure  a  firm  bond  with  the  new 
concrete.  Industrial  railroad  tracks  are  laid  the  full 
length  of  the  road  leaving  9  or  10  ft.  of  the  old  con- 
crete free  for  travel,  wliich  is  maintained  at  all  times 
during  construction. 

The  concrete  mixing  is  done  at  a  central  plant  where 
the  materials  are  hauled  by  motor  truck  and  mixed 
in  a  stationary  concrete  mixer.  The  concrete  is  run 
into  side  dump  industrial  cars  and  hauled  out  on 
the  job  by  a  gasoline  locomotive  and  dumped  directly 
from  the  car  onto  the  prepared  subgrade  and  forms. 

Our  high  standard  of  construction  prevails  on  this 
work  as  though  it  were  a  new  road.  The  concrete 
extension  is  built  9  in.  thick.  The  expansion  joints 
are  used  matching  up  the  old  expansion  joints  in  the 


road.  The  concrete  is  finished  up  carefully  by  hand 
so  as  to  get  a  smooth,  even  surface  when  completed. 

The  cost  of  this  work  has  been  slightly  greater  per 
square  yard  than  as  though  we  were  building  a  new 
road,  but  considering  the  fact  that  we  arc  maintaining 
tJie  traffic  dui-ing  construction,  having  considerable 
shouldering  and  ditching  work  to  do  in  order  to  finish 
up  the  draining  work,  our  cost  of  $3.50  per  square 
yard  lias  not,  in  our  opinion,  been  excessive. 

This  widening  is  a  forerunner  of  what  extensions 
will  be  done  on  every  mile  of  concrete  road  in  Wayne 
County  of  a  lesser  width  than  18  ft.  When  the  task 
of  imp"roving  the  roads  in  Wayne  County  was  begun, 
Detroit  had  a  population  of  only  300,000.  At  that  time 
the  demand  was  for  mileage  and  in  view  of  the  com- 
paratively light  traffic  of  that  day,  we  built  many 
•miles  of  concrete  roads  from  12  to  16  ft.  wide.  Now 
that  the  population  of  Detroit  has  passed  the  million 
mark  and  the  city  has  become  the  automobile  and 
motor  truck  center  of  the  world,  travel  on  these  roads 
has  so  greatly  increased  that  the  cost  of  maintaining 
macadam  shoulders — mostly  of  the  penetration  tyi>e — 
necessitates  the  adoption  of  another  policy.  Fortu- 
nately, it  is  entirely  practical  to  Miden  our  roads  with 
concrete  and  still  conserve  the  original  investment  in 
the  narrow  slabs. 

We  have  given  a  great  deal  of  attention  to  planning 
for  the  future;  and  we  expect  to  continue  to  widen 
as  rapidly  as  possible,  all  main  trunk  lines  to  at  least 
24  ft.,  while  secondary  roads  will  be  paved  to  per- 
haps 20  ft.  At  present  we  are  building  some  24  ft. 
road  slabs,  and  have  tentatively  laid  out  several  heavy- 
duty  i-adial  roads  that  are  to  have  a  right-of-way  of 
100  ft.  and  a  concrete  pavement  36  ft.  wide. 


Construction  and  Maintenance  of  Gravel  Roads 


By    C.    COYKENDATjLt 


In  considering  the  construction  and  maintenance  of 
gravel  roads,  or  for  that  matter,  of  any  other  type  of 
road  improvement,  it  is  well  to  keep  in  mind  what  we 
as  highway  engineers  arc  attempting  to  accomplish, 
namely,  tlie  development  and  improvement  of  a  high- 
way transportation  system  adequate  to  the  needs  of 
the  traffic  using  this  system.  The  situation  in  a  way 
can  be  likened  to  our  railway  transportation  system 
with  its  comparatively  limited  mileage  of  main  line 
roads  supplemented  by  a  network  of  secondary  lines 
converging  into  and  feeding  the  main  line  system.  In 
our  highway  system  we  have  a  comparatively  limited 
mileage  of  primary  roads,  a  more  extensive  mileage  of 
important  secondary  i-oads,  and,  especially  is  this  tru'- 
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in  tlie  ilississippi  Valley  region,  a  large  mileage  of 
secondary  roads  wliich  are  of  importance  only  as  local 
or  community  roads.  Consequently,  in  considering  any 
particular  type  of  improvement,  we  must  give  consid- 
eration to  the  part  of  the  system  on  which  this  im- 
provement is  proposed,  and  the  probable  ultimate  use 
to  which  the  highway  will  be  put. 

It  is  not  likely  that  for  a  number  of  years  to  come 
it  will  be  found  necessary  or  economical  to  hard  sur- 
face more  than  a  very  limited  percentage  of  our  total 
mileage  of  rural  highways;  probably  in  most  portions 
of  the  Mississippi  Valley,  not  to  exceed  five  to  eight 
per  cent.  There  is  an  insistent  demand  on  the  part 
of  road  users,  however,  to  have  all  highways  which 
must  be  used  placed  in  serviceable  condition.  It  will 
therefore  be  seen  that  the  improvement  of  the  92  to  95 
per  cent,  of  the  total  road  mileage  constituting  our 
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sbcondary  road  systems  is  a  problem  deserving  at  least 
equal  consideration  with  tlie  problem  of  improving 
the  5  to  8  per  cent,  of  the  total  mileage  which  falls  in 
our  primary  road  system. 

The  type  of  improvement  most  generally  practical 
for  secondary  road  systems  is  a  gravel  surfacing  or 
sand-clay  surfacing.  It  iias  been  found  during  the 
past  ten  years  that  this  type  of  improvement  is  in 
general  more  economical  than  waterbound  macadain 
and  more  cheaply  maintained  under  modem  traflfic. 
It  therefore  follows  that  there  is  probably  no  problem 
deserving  of  more  thoughtful  consideration  on  the  part 
of  highway  engineei-s  tliau  proper  metliods  of  con- 
stnicting  and  maintaining  gravel  and  sand-clay  roads. 

In  this  discussion  no  line  distinction  will  be  made 
between  gravel  and  sand-clay  construction.  Satisfac- 
tory results  can  be  obtained  with  either  gravel  or  sand- 
clay  construction  if  available  material  is  used  intelli- 
gently. Given  ideal  materials,  the  construction  of  any 
type  of  road  is  not  a  difficult  problem.  It  requires  a 
higher  degree  of  engineering  ability  to  get  satisfactory 
results  from  the  most  available  sources  of  material 
even  though  such  materials  may  be  generally  regarded 
as  of  inferior  quality,  tlian  to  require  ideal  materials 
without  consideration  as  to  the  availability  of  such 
materials,  and  the  resulting  construction  costs. 

We,  as  highway  engineers,  naturally  delight  in  con- 
structing higli  type  roads.  Is  it  not  a  fact,  however, 
that  it  is  a  more  serious  mistake,  considering  both  the 
engineering  features  and  the  economics  in  the  situation, 
to  build  a  pavement  on  a  road  where  the  travel  can 
economically  be  taken  care  of  with  some  cheaper  type 
of  construction,  than  to  build  a  cheaper  type  of  con- 
struction on  a  road  where  the  traffic  requirements 
really  demand  pavement?  In  the  first  instance,  we 
have  tied  up  more  of  our  capital  than  the  amount  of 
traffic  served  will  justify,  and  the  road  is  not  a  payin;j 
proposition.  In  the  second  instance,  we  have  erred 
on  the  side  of  economy,  with  the  result  that  the  traffic 
will  not  be  so  well  served,  but  probably  the  servici' 
given  will  be  no  more  costly  than  had  a  pavement  been 
constructed. 

It  is  extremely  difficult  to  determine  where  the  di- 
viding line  between  the  construction  of  pavement  and 
the  construction  of  gravel  roads  should  be  drawn. 
There  are  a  number  of  factors  that  must  be  taken  into 
consideration  in  making  this  determination.  Perhaps 
it  would  be  well  to  enumerate  some  of  these  factors. 

Rrst,  and  primarily,  the  amount  of  traffic  which 
must  be  handled,  either  present  traffic  which  the  high- 
way is  carrying,  or  the  traffic  that  we  can  reasonably 
anticipate  will  be  handled  as  soon  as  the  road  is  com- 
pleted. No  one  can  state  with  any  certainty  the  exact 
number  of  vehicles  which  a  gravel  road  will  handle  in 
a  satisfactory  manner.  All  of  us  know  from  our  ex- 
perience that  there  are  roads  on  which  the  traffic  can- 
not be  satisfactorily  taken  care  of  on  such  a  surface. 
Likewise,  we  all  know  from  our  experience  that  there 


are  roads  of  secondary  importance  where  a  gravel  sur- 
face serves  every  need  of  the  traffic.  Between  these 
two  points,  however,  there  are  many  situations  wliich 
are  not  so  easily  classified. 

During  1919  and  1920,  the  State  of  Iowa  in  connec- 
tion with  the  submission  of  federal  aid  projects  did  a 
considerable  amount  of  traffic  census  work.  Some  of 
the  roads  on  which  a  traffic  census  was  taken  had 
failed  to  satisfactorily  take  care  of  traffic  as  gravel 
roads.  The  traffic  count  showed  that  on  the  roail  south 
from  Spirit  Lake,  which  is  perhaps  the  most  popular 
summer  resort  in  Iowa,  there  was  an  average  daily 
traffic  of  approximately  915  vehicles.  This  road  could 
not  be  satisfactorily  maintained  as  a  gravel  road  under 
this  traffic.  On  the  Jefferson  Higlnvy  north  from  Des 
Moines  the  traffic  count  showed  an  average  daily  traf- 
fic of  approximately  800  vehicles.  It  has  been  found 
tliat  this  road  could  not  be  satisfactorily  maintained 
either  as  a  gravel  road  or  with  a  cinder  surfacing. 
(>n  a  project  in  Howard  County,  which  is  some  distance 
from  the  centers  of  population  and  carries  only  the 
ordinary  county  scat  to  county  seat  traffic,  and  a  very 
limited  amount  of  through  traffic,  the  traffic  count 
showed  an  average  daily  traffic  of  238  vehicles.  This 
road  has  been  completed  as  a  gravel  surfacing  project 
and  is  taking  care  of  the  traffic  in  a  very  satisfactory 
manner.  The  same  is  true  of  a  project  in  Chickasaw 
County  where  the  traffic  count  showed  an  average  daily 
traffic  of  216  vehicles. 

We  have  reached  the  conclusion  in  Iowa  that  where 
the  daily  traffic  is  not  in  excess  of  500  vehicles  i>er 
day,  we  can  quite  successfully  construct  and  maintain 
a  gravel  surface.  Where  the  traffic  is  in  excess  of 
this  amount,  however,  maintenance  costs  mount  rapid- 
ly and  we  are  unable  to  give  traffic  service  that  is 
comparable  to  the  service  given  by  a  propei-ly  con- 
structed and  maintained  paved  road. 

Second,  availability  of  matei'ials  for  gravel  road  con- 
struction and  iiiaintenanee ;  also  availability  of  mater- 
ials for  paved  road  construction  and  maintenance. 
Availability  of  materials  determines  in  a  large  measure 
the  economical  type  of  improvement  on  any  road. 
Where  a  good  quality  of  gravel  is  available  locally 
for  gravel  surfacing  work,  it  is  economical  to  construct 
and  maintain  gravel  roads  under  conditions  where  it 
would  not  be  economical  if  all  such  material  for  con- 
struction and  maintenance  had  to  be  transported  a 
long  distance  by  rail,  thereby  greatly  increasing  the 
cost  of  construction  and  maintenance  work.  The  real 
measure  of  the  value  of  any  type  of  road  is  the  cost 
per  ton  mile  or  vehicle  mile  to  the  users  of  the  high- 
way. In  determining  this  cost  tlic  availability  of  ma- 
terials is  an  important  factor. 

Third,  the  relative  usability  of  the  two  types  of  road. 
In  considering  usability  we  must  take  into  account  trac- 
tive resistance,  satisfaction  and  convenience  to  the 
users  of  the  road,  and  the  safety  of  the  road.  Often 
we  are  justified  in  paving  a  road  that  can  quite  econ- 
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omically  be  taken  care  of  by  some  cheaper  type  ot 
construction,  froni  a  consideration  of  these  factors 
alone.  You  have  all  had  experience  in  driving  ovci- 
a  gravel  road  where  the  surface  was  in  good  condition 
but  the  dust  was  so  bad  that  it  constituted  not  only 
a  nuisance,  but  an  actual  menace  to  traffic.  You  hav; 
also  probably  seen  gravel  roads,  especially  during  a 
long  continued  dry  spell,  where  the  loose  gravel  which 
had  accumulated  at  tho  sides  and  on  the  shoulders  con- 
stituted a  real  menace  to  travel,  particularly  at  night 
when  meeting  or  passing  other  vehicles. 

Experiments  carried  on  by  the  Engineering  Experi- 
ment Station  at  Ames,  during  the  past  year  show  thai 
for  truck  traffic,  a  good  concrete  or  brick  surface  re- 
quires a  20  to  30  per  cent,  less  gasoline  consumption 
per  ton  mile  than  is  required  for  &  road  with  a  good 
gravel  surface.  Similar  conclusions  were  reached  in 
a  scries  of  tests  carried  on  a  few  years  ago  by  Profes- 
sor A.  N.  Johnson,  now  with  the  University  of  Mary- 
land. Hence,  it  appears  tiiat  on  account  of  less  surface 
resistance,  actual  operating  costs  to  motor  vehicle  users 
are  less  on  a  good  paved  road  than  on  a  good  gravel 
road,  and  this  with  other  factors  that  are  measures  of 
the  usability  of  a  road  are  worthy  of  consideration  in 
determining  the  projjer  type  of  improvement. 

Fourtli,  the  length  of  time  that  must  necessarily 
elapse  before  a  road  can  be  paved.  It  is  often  economi- 
cal and  expedient  to  gravel  surface  a  road  where  traffic 
conditions  will  justify  pavement  in  order  to  provide  the 
traveling  public  with  a  usable  road  until  such  time 
as  the  pavement  can  be  constructed.  The  building  of 
a  system  of  paved  highways  including  five  to  ten  thou- 
sand miles  is  no  small  undertaking,  even  after  the  nec- 
essary legislative  action  has  been  taken  and  the  nec- 
essary funds  for  financing  the  program  iiave  been  pro- 
vided. It  takes  time  to  develop  an  engineering  or'- 
ganization  capable  of  properly  handling  a  large  paving 
program.  It  takes  time  to  develop  sources  of  material 
sufficient  to  take  care  of  a  large  paving  program.  It 
takes  time  to  develop  a  contracting  organization  to  do 
the  actual  work.  Prom  our  experience  during  the  past 
two  or  three  years,  during  which  time  a  large  paving 
program  has  been  under  way,  we  can  appreciate  the 
fact  tht  few  states  are  organized  to  build  more  than 
a  few  hundred  miles  of  pavement  each  year.  The  states 
of  Illinois  and  Pennsylvania  are  probably  carrying  on 
the  largest  paving  progTam  that  any  state  has  up  to 
the  present  time  attempted.  Yet  neither  of  these  states 
have  in  any  one  year  constructed  one  thousand  miles 
of  paved  road.  The  demand  of  the  public  is  for  "us- 
able roads  now."  Consequently  in  many  instances 
we  are  justified  in  producing  a  large  mileage  of  rela- 
tively cheap  road  which  will  give  road  users  service 
during  the  time  that  must  necessarily  elapse  before  u 
large  mileage  of  paved  roads  can  be  produced. 

Fifth,  legislative  machinery  for  building  various 
types  of  road.  This  is  really  the  meat  of  the  whole 
situation.     We  cannot  build  roads  except  as  we  are 


authorized  to  do  so  by  our  state  legislatures,  and  are 
piovided  with  the  necessary  funds.  Consequently  in 
states  where  we  are  not  authorized  to  build  paved  roads 
and  in  which  funds  for  fiimncing  this  type  have  not 
been  provided,  we  must  build  the  best  type  of  road 
that  has  been  authorized  and  for  which  funds  have 
been  made  available. 

Referring  again  to  the  situation  in  Iowa,  we  cannot 
build  paved  roads  in  any  county  in  Iowa  until  the 
voters  of  that  county  have  authorized  the  general  pol- 
icy of  hard  surfacing  the  primary  road  system  of  that 
county.  If  we  are  to  make  any  material  progress  in 
those  counties  tliat  have  authorized  the  paving  of  the 
primary  road  system,  a  bond  issue  must  also  have 
been  authorized.  Consequently,  in  Iowa  we  are  not  in 
position,  in  all  cases,  to  build  the  type  of  road  which 
should  be  built  from  a  consideration  of  the  needs  of 
traffic,  nor  is  this  restriction  peculiar  to  Iowa  alone. 

This  discussion  up  to  this  time  has  dealt  only  with 
factors  covering  the  selection  of  the  type  of  improve- 
ment. We  will  now  assume  that  we  have  a  road  which 
is  to  be  gravel  surfaced,  and  will  give  consideration  to 
the  details  of  construction. 

Alignment,  Grade  and  Cross  Section 

In  gravel  surfacing  primary  roads  the  same  con- 
sideration as  to  alignment,  grade  and  cross  section  ap- 
plies as  in  the  case  of  paving.  There  are  many  miles 
of  our  trunk  line  or  primary  road  system  that  should 
probably  be  gravel  surfaced  before  they  are  paved. 
Without  doubt,  however,  -the  time  is  not  far  distant 
when  this  mileage  should  and  must  be  paved.  Con- 
sequently in  building  a  gravel  road  we  should  attempt 
to  determine  upon  a  location  and  prepare  a  design  a.s 
to  grade,  drainage  structures,  and  cross  section,  which 
will  prove  satisfactory  later  on  when  the  road  is  to  be 
paved.  It  is  quite  generally  recognized  that  the  maxi- 
mum grade  for  primary  roads  should  not  exceed  six 
per  cent.,  and  should  be  made  as  much  less  than  six 
per  cent,  as  topographical  conditions  will  justify.  Hori- 
zontal curves  should  be  held  as  closely  as  possible  to 
not  to  exceed  ten  degrees.  Right  angle  turns  should 
be  rounded  with  a  curve  of  not  less  than  200  ft.  radius, 
while  a  300  ft.  minimum  requirement  is  better.  In 
so  far  as  it  is  at  all  possible,  the  element  of  danger 
at  railway  crossings  should  be  eliminated,  either  by 
grade  separation  or  relocations  of  the  highway  which 
will  eliminate  the  crossings  entirely.  The  cross  section 
should  provide  a  minimum  from  twenty-eight  to  thirty 
foot  width  between  shoulders  with  ditches  at  least 
two  feet  below  the  shoulder  line,  and  four  to  six  feet 
out  from  the  shoulder  line.  A  flat  bottom  ditch  at 
least  two  feet  in  width  should  be  provided  and  back 
slopes  made  with  whatever  slope  is  required  to  pre- 
vent the  ditches  from  filling. 

On  secondary  roads  less  stringent  requirements  can 
be  laid  down  as  to  grade,  alignment  and  cross  section. 
Grades  and  alignment  should  be  the  best  possible  to 
secure  giving  due  consideration  to  the  amount  of  traf- 
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fie  the  road  must  carry.  The  cross  section  will  vary 
between  twenty  and  thirty  feet,  the  limits  depending 
upon  the  importance  of  the  road,  with  substantially 
tht  same  requirements  as  to  ditches  and  back  slopes 
outlined  above  for  primary  roads. 

Drainage 
Thorough  subdrainage  is  absolutely  necessary  to  suc- 
cessful gravel  road  construction  and  maintenance.  It 
is  probably  even  more  essential  on  this  type  of  con- 
struction than  on  pavement,  inasmuch  as  the  road 
surface  itself  has  so  much  less  inherent  strength.  Sub- 
drainage  can  be  secured  either  by  the  use  of  tile  or 
by  the  construction  of  a  grade  whieh  will  bring  the 
surface  of  the  road  well  above  the  ground  water  limits. 
In  all  cases  the  surface  of  tlie  road  should  be  at  least 
22  ft.  above  the  ground  water  level,  and  as  much  more 
tlian  this  as  it  is  practical  to  secure.  It  is  generally 
conceded  by  everyone  at  all  interested  in  the  road  pro- 
gram in  Iowa  that  thorough  drainage  is  a  primary 
essential  to  successful  road  construction.  The  people 
of  Iowa  are  probably  more  nearly  in  accord  on  this 
point  than  on  any  other  point  in  connection  with  our 
road  building  program.  In  the  level  sections  of  the 
state  where  natural  drainage  conditions  are  poor  we 
ordinarily  use  more  th'an  a  mile  of  tile  drain  per  mile 
of  road.  During  the  past  construction  season,  we  laid 
more  than  one  thousand  )iiile.s  of  tile  drain. 

Miaterial  Specifications 
Specifications  for  material  to  be  used  for  gravel 
road  construction  sliould  be  broad  enough  to  admit 
any  graveling  material  which  by  intelligent  applica- 
tion can  be  successfully  used  in  road  construction. 
All  states  are  not  in  accord  with  this  but  as  stated 
heretofore,  we  believe  tliat  it  is  necessary  to  utilize  to 
the  fullest  advantage  tlie  materials  that  are  available. 
The  maximum  size  of  stone  should  not  exceed  lyi  in. 
If  this  limit  is  changed,  we  would  recommend  decreas- 
ing it  rather  than  increasing  it.  The  amount  of  binder 
which  the  material  may  contain  is  extremely  variable. 
As  a  general  proposition  the  less  binder  that  is  used, 
the  better.  There  are  comparatively  few  instances 
where  it  is  justifiable  to  haul  binder  for  any  consider- 
able distance,  inasmuch  as  substantially  the  same  re- 
sults can  be  secured  by  incorporating  the  loam,  clay, 
or  gumbo,  or  the  road  into  the  .surface  as  binder. 

Amount  of  Material  Per  Mile 
The  amount  of  material  required  per  mile  of  road 
varies,  of  course,  with  the  type  of  road  being  improved. 
Ordinarily  between  one  thousand  and  two  thousand 
cubic  yards  per  mile  is  enough.  More  material  can 
be  added  from  time  to  time  as  a  inaintenanee  measure. 
Consequently,  it  is  not  advisable  to  place  as  a  con- 
struction measure  so  much  material  that  it  is  a  seri- 
ous problem  to  traffic  to  properly  campact  the  material. 

Handling  of  Construction  Work 
Gravel    road    construction    work    is    very    readily 


handled  as  a  contract  proposition  if  the  specifications 
are  properly  drawn.  The  construction  of  the  grade 
and  the  installation  of  the  necessary  drainage  struc- 
tures and  tile  drainage  should  not  be  tied  up  to  the 
same  contract  as  the  gravel  surfacing.  Neither  should 
maintenance  by  the  contractor  over  any  considerable 
period  of  time  be  required.  The  items  included  in  the 
contract  should  be  as  few  and  as  definite  as  possible. 
In  our  Iowa  specifications  the  contractor  bids  on  the 
following  items:  Stripping  gravel  pits,  shaping  pre- 
paratory to  receiving  the  gravel,  loading  the  gravel 
at  the  pit  and  hauling  it  one  mile  and  spreading,  and 
additional  half-mile  units  of  haul.  Tlie  stripping  of 
pits  is  on  a  yardage  basis  vnth.  a  specified  amotint  of 
work  to  be  done.  It  has  been  found  economical  to 
thoroughly  prospect  the  source  of  supply  before  con- 
tracts are  awarded  for  gravel  surfacing  work.  From 
these  investigations  it  is  possible  to  specify  with  rea- 
sonable accuracy  the  amount  of  stripping  that  will 
be  required,  also  whether  or  not  the  material  must  be 
screened  and  oversized  material  crushed.  In  the  av- 
erage deposit  where  there  is  not  a  large  amount  of 
oversized  material,  the  price  bid  per  cubic  yard  for 
loading  includes  the  removal  of  oversized  material  at 
the  pit.  All  hauls  of  less  than  one  mile  in  length  are  in- 
cluded in  the  price  bid  per  cubic  yard  for  loading  at  the 
pit,  as  is  also  the  spreading  of  the  material  upon  the 
subgrade.  When  the  haul  exceeds  one  mile  and  is  less 
than  one  and  one-half  miles  the  price  bid  fo  reach  addi- 
tional half  mile  haul  is  added  to  the  unit  price  for  load- 
ing. Similarly  for  each  additional  half  mile  that  must 
be  hauled  the  unit  bid  is  proportionately  increased.  This 
method  has  been  found  more  satisfactory  and  less  con- 
fusing to  contractors  than  bids  based  on  average  yard 
mile  hauls. 

Preparation  of  Subgxade 

Before  the  gravel  is  dumped  upon  the  road  the 
subgrade  should  be  flat  and  smooth.  The  gravel  should 
then  be  dumped  either  on  the  shoulders  or  in  the 
center,  depending  upon  the  time  of  year  that  the  work 
is  being  done,  and  then  spread  the  full  width  of  the 
road.  The  material  in  the  center  should  be  siiread 
thinly  enough  that  traffic  can  travel  down  the  center 
of  the  highway  without  serious  inconvenience,  imme- 
diately after  spreading  operations  have  been  completed. 
We  have  not  found  the  use  of  a  roller  practical  in 
gravel  road  construction.  Our  most  satisfactory  re- 
sults are  secured  by  allowing  the  gravel  to  be  com- 
pacted by  the  traffic,  under  continuous  and  intelligent 
maintenance.  By  spreading  the  gravel  so  thin  that 
traffic  is  forced  to  the  center,  the  shoulder  lines  are 
not  destroyed  nor  is  that  the  element  of  danger  to 
traffic  introduced  that  is  present  when  the  gravel  is 
windrowed  down  the  center  and  traffic  is  forced  to 
the  shoulder  line.  As  the  center  becomes  compacted 
under  traffic,  loose  material  from  the  shoulders 
is  worked  toward  the  center  of  the  road  and  the  road 
(Continued  on  page  198) 


April  5,   1922 


GOOD     ROADS 


197 


CONSTRUCTION    TRANSPORTATION    MAINTENANCE 


Founded   January,    1892 


K. 


I-.    rOWEKS 

Editor 


11  WAVERLY  PLACE 
NEW  YORK,  N.  Y. 

Cable  Address:  Gudrodes,  New  York 


Copy  for  advertisements  must  reach  the  New  YorK  office 
by  noon  on  Tuesday  of  the  week  before  date  of  Issue  If 
proofs  are  to  be  submitted. 

Copy  for  classified  and  other  advertisements  where  proofs 
are  not  required  will  be  accepted  until  noon  on  Monday  of 
the  week  of  issue. 


Articles  by  road  builders  are  solicited.  They  should  be  short  and, 
if  possible,  accompanied  by  photographs.  Those  accepted  will  be 
paid  for  at  current  rates. 


Volume  LXII. 


April  5,  1922 


Number  14 


STATUS  OF  HIGHWAY  ENaiNEERING 

"There  is  probably  not  a  single  engineer  in  the 
United  States  who  could  lay  out  a  rational  system  of 
iiigliways, "  a  federal  engineer  is  reported  to  have 
stated  to  James  C.  Collins,  the  writer  of  an  article 
on  highways  and  sundry  other  things  which  appeared 
ill  a  recent  issue  of  the  "Saturday  Evening  Post." 
"There  is  plenty  of  money  for  improving  highways," 
Mr.  Collins  alleges  this  engineer  to  have  said.  "We 
spend  hundreds  of  millions  every  year.  I'll  tell  you 
the  real  limiting  factor:  It  is  men  trained  to  plan 
and  build  highways  on  a  scale  in  keeping  with  the 
enormous  groAvth  which  is  coming  in  motor  traffic. 
Plenty  of  engineers  can  build  good  roads,  but  we 
lack  creative  designers  of  highway  systems.  Only 
three  or  four  colleges  in  the  United  States  have  real 
highway  construction  courses.  One  of  our  first  tasks 
is  to  put  highway  engineering  into  the  imagination 
of  the  young  fellow  going  to  college,  as  a  career  and 
as  an  intensely  interesting  new  technical  field." 

This  statement  certainly  does  not  flatter  the  high- 
way engineering  profession  nor  the  schools  which  in- 
clude instruction  in  highway  engineering  in  their  cur- 
ricula. One  might  expect  such  a  statement  from  a 
professional  writer,  but  hardly  from  an  engineer  en- 
gaged in  highway  work. 

There  are  as  big  men  in  the  highway  field  as  there 
are  big  men  in  other  engineering  fields.  The  high- 
way engineering  courses  in  our  schools  are  as  thor- 


ough and  as  comprehensive  as  are  other  engineering 
courses.  To  say,  in  effect,  that  millions  of  dollars  are 
being  spent  on  road  construction  in  this  country  by 
incapable,  illy-trained  men  is  absolutely  false. 

Highway  improvement  in  this  country  is  attended 
by  many  complicated  problems.  The  highway  'pgi- 
neer  can  not  take  a  map  and  mark  out  the  roads  to 
be  improved,  as  did  the  Czar  of  Russia  lay  out  the 
railroad  throiigh  Siberia. 


WIDENING  NARROW  ROAD  SURFACES 

With  the  increase  in  motor  traffic  many  of  the  roads 
built  for  horse-drawn  traffic  proved  too  narrow  to 
care  for  the  new  type  of  traffic.  Accordingly,  many 
states  have  been  obliged  to  widen  narrow  gravel,  mac- 
adam and  concrete  pavements.  Gravel  and  stone  roads 
do  not  present  any  considerable  difficulty  in  widen- 
ing. As  pointed  out  in  an  article  elsewhere  in  this 
issue,  Wisconsin  has  widened  a  considcnable  mileage 
of  this  type  of  roads  with  graders  and  scarifiers.  In 
the  case  of  concrete  roads,  Wisconsin  finds  that  gravel 
shoulders  are  as  satisfactory  as  crushed  stone  shoul- 
ders. However,  bituminous  macadam  shoulders  have 
been  found  more  satisfactory  in  widening  concrete 
pavements  in  that  a  smooth  surface  is  obtained  and 
the  material  doesnot  crowd  away  from  the  concrete. 


GRAVEL  ROADS 

In  point  of  mileage,  gravel  roads  are  the  most  im- 
portant type  of  road  construction  in  this  country. 
"It  is  not  likely  that  for  a  number  of  years  to  come 
that  it  will  be  found  necessary  or  economical  to  hard 
surface  more  than  a  very  limited  percentage  of  our 
total  mileage  of  rural  highways."  says  C.  Coyken- 
dall,  Assistant  Chief  Engineer  of  the  Iowa  State  High- 
way Department,  in  an  article  elsewhere  in  this  issue. 
"We  have  reached  the  conclusion  in  Iowa  that  where 
the  daily  traffic  is  not  in  excess  of  500  vehicles  per 
day,  we  can  quite  successfully  construct  and  maintain 
a  gravel  surface." 


LABOR  COSTS  ARE  DECLINING 

Labor  prices  for  road  work  still  continue  gradu- 
ally to  decline,  according  to  figures  collected  by  the 
Bureau  of  Public  Roads  from  road  jobs  in  all  parts 
of  the  country.  Prices  paid  for  common  labor  in  Feb- 
ruary decreased  slightly  more  than  one  cent  per  hour 
below  those  paid  in  January,  the  average  prices  for 
the  whole  country  being  29  and  28  ct.  an  hour,  re- 
spectively, in  the  two  months.  Prices  paid  for  skilled 
labor  also  showed  a  general  decline. 

In  February  the  price  of  common  labor  ranged  from 
13  to  20  ct.  an  hour  in  the  Southern  States,  23  to  30 
et.  an  hour  in  the  Middle  Western  States,  and  around 
45  ct.  an  hour  in  the  Pacific  States.  The  prices  of 
teams  without  drivers  ranged  from  24  to  42  cts.  an 
hour. 
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(Continued  from  pagu  196) 

gradually  assumes  the  cross  section  intended,  that  is, 
a  thickness  of  five  to  seven  inches  at  tlie  center  lint- 
shouldering  out  to  a  feather  edge  near  the  shoulder 
line.  It  is  often  found  during  the  process  of  com- 
pacting the  gravel  that  the  material  used  is  deficient 
in  binding  qualities.  Usually  this  difficulty  can  be 
remedied  by  harrowing,  plowing,  or  otherwise  mixing 
the  material  of  the  subgrade  into  the  surfacing.  It  is 
believed  advisable,  however,  to  exercise  considerable 
discretion  as  to  the  amount  of  binder  used.  Traffic 
should  not  be  seriously  inconvenienced  by  being  forced 
to  travel  for  a  long  period  over  a  loose  gravel  road, 
but  if  some  patience  is  exercised  both  by  the  engineer 
in  charge  of  the  work  and  those  using  the  road,  it 
will  be  found  that  a  more  successful  road  w^ill  result 
from  a  sparing  use  of  binder. 

Maintenance 

Under  the  construction  specifications  which  have 
been  recommended,  it  is  very  difficult  to  state 
where  construction  stops  and  maintenance  work 
begins.  As  a  matter  of  fact  it  is  recommended  tliat 
the  maintenance  organization  take  over  the  road  as 
soon  as  the  gravel  has  been  placed  on  the  subgrade, 
spread  once  and  thoroughly  mixed.  The  success  of 
any  gravel  road  is  dependent  very  largely  on  the  main- 
tenance. Consequently,  as  soon  as  the  gravel  has  been 
placed,  a  well  organized  maintenance  crew  should  be 
in  position  to  take  the  road  and  give  it  proper  atten- 
tion through  the  very  important  stage  that  it  is  being 
compacted  by  traffic. 

For  the  gravel  roads  which  we  can  economically 
build  from  material  available  in  Iowa,  maintenance  by 
a  bituminous  mat  coat  or  by  the  application  of  bitu- 
minous materials  is  not  recommended.  Many  of  our 
materials  have  too  large  a  percentage  of  fine  material 
to  make  this  system  of  maintenance  successful.  In 
£a«t,  representatives  of  commercial  interests  primarily 
engaged  in  the  manufacture  of  bituminous  road  mate- 
rials do  not  recommend  the  use  of  such  materials  on 
many  of  the  gravel  roads  in  Iowa.  This  discussion 
will  be  limited  to  maintenance  of  gravel  roads  by 
methods  other  than  by  the  use  of  bituminous  mate- 
rials without  in  any  way  entering  into  the  merits  of 
the  use  of  such  materials  where  a  different  tyi)e  of 
gravel  is  available  for  the  construction  work. 

Gravel  road  maintenance  divides  itself  quite  logically 
into  two  operations:  Rrst,  the  maintenance  of  mate- 
rial placed  during  construction,  and  sicond,  mainte- 
nance by  adding  additional  material.  Both  operations 
are  necessary.  We  must  expect  to  renew  from  time 
to  time  the  material  which  is  lost  cither  by  the  action 
of  the  elements  or  by  gradually  being  forced  into  the 
subgrade.  On  our  most  heavily  traveled  gravel  roads 
in  low'a  the  annual  replacement  of  surfacing  material 
is  from  three  to  five  hundred  yards  per  mile  per  year. 


For  keeping  gravel  road  sufaces  in  good  condition 
the  patrol  system  of  maintenance  is  strongly  recom- 
mended; that  is,  a  patrolman  equipped  with  a  patrol 
blade  grader  and  other  incidental  tools  should  have 
full  charge  of  the  maintenance  of  a  certain  section  of 
gravel  road.  The  length  of  this  section  is  dependent 
ui)on  the  importance  of  the  road  and  the  amount  of 
tiaffic  which  it  carries.  For  the  heavily  traveled  roads 
ordinarily  five  to  six  miles  is  the  iiiaxiniuin  which  a 
patrolman  can  take  care  of.  The  surface  of  a  traveled 
gravel  road  requires  constant  attention,  regardless  of 
weather  conditions.  The  best  results  in  filling  chuck 
holes  that  develop  are  secured  after  it  rains,  but  the 
prevention  of  the  development  of  chuck  holes  is  de- 
pendent largely  on  the  care  the  road  receives  during 
the  dry  weather  periods.  If  a  film  of  loose  material 
can  be  kept  on  the  surface  of  the  road,  it  will  be  found 
that  this  film  of  material  really  bears  the  brant  of 
the  traffic  and  prevents  raveling  of  .the  surface  of  the 
road.  Naturally,  if  a  film  of  loose  material  is  to  be 
kept  spread  over  the  surface,  continual  attention  on 
the  part  of  the  patrolman  is  required,  as  traffic  tends 
to  whip  this  loose  material  to  the  center  and  to  the 
shoulder  lines. 

The  efforts  of  the  patrolman  must  from  time  to  time 
be  supplemented  by  what  is  ordinarily  styled  gang 
maintenance.  The  patrolman  is  not  equipped  to  do 
heavy  work  such  as  opening  ditches  or  building  up 
the  shoulders.  It  will  be  found  on  a  heavily  traveled 
road  that  from  time  to  time  an  accumulation  of  loose 
material  has  taken  place  on  shoiilders  and  that  it  is 
very  difficult  to  get  this  loose  material  to  pack  in  the 
center  of  the  road.  In  those  cases  it  is  often  necessary 
to  really  reconstruct  the  road;  that  is,  the  loose  mate- 
rial that  has  accumulated  on  the  shoulders  should  be 
forced  to  the  center  of  the  road,  the  shoulders  built 
up  from  material  taken  from  the  ditches,  and  the 
gravel  respread  from  shoulder  line  to  shoulder  line. 
For  this  work,  a  12-ft.  blade  grader  drawn  by  a  trac- 
tor is  very  effective.  It  will  be  found  in  this  opera- 
tion that  the  material  taken  from  the  ditches  acts  as 
new  binder,  and  that  better  .success  will  be  had  in 
getting  the  gravel  compacted.  Quite  often  this  proc- 
ess should  be  supplemented  by  the  addition  of  a  main- 
tenance course  of  material.  In  fact,  this  process  prac- 
tically always  should  precede  the  adding  of  a  mainte- 
nance course  of  material. 

Gravel  Maintenance  of  Earth  Roads 

We  have  experimented  in  Iowa  during  the  past  year 
with  a  so-called  gravel  maintenance  of  earth  roads.  That 
is,  an  earth  road  that  has  been  properly  graded  and 
drained  is  given  a  very  light  surfacing  of  gravel — 
approximately  five  hundred  cubic  yards  per  mile.  We 
have  not  considered  that  with  this  much  material  we 
have  been  building  gravel  roads,  but  we  have  been 
making  earth  roads  much  more  usable  for  eleven 
months  at  least  out  of  every  year.  The  addition  of 
the  gravel  to  the  top  soil  of  the  road  makes  the  gumbo 
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soil  or  heavy  clay  soil  much  more  easily  maintained 
under  heavy  trafSc.  It  also  makes  the  surface  of  the 
read  impervious  to  ordinary  summer  rains. 

The  cost  of  this  kind  of  maintenance  where  gravel 
is  locally  available,  is  not  heavy,  and  it  is  expected 
that  on  roads  where  a  five  hundred  yard  maintenance 
course  has  been  placed  this  year,  an  additional  five 
hundred  yards  will  be  placed  during  the  coming  year, 
and  in  time  we  are  quite  apt  to  have  "maintained"  an 
earth  road  into  a  gravel  road.  ^latei'ial  used  for  this 
kind  of  work  sliould  all  pass  a  screen  witli  one  ineli 
openings.  We  are  much  interested  in  the  possibilities 
of  this  type  of  road  work  and  expect  to  try  it  on  quite 
a  considerable  mileage  during  1922. 

In  conclusion  we  have  these  points  which  should  be 
emphasdzed  in  connection  witli  the  construction  and 
maintenance  of  gravel  roads: 

First,  do  not  lose  sight  of  the  importance  of  this 
type  of  construction.     For  years  to  come  this  type  will 


undoubtedly  constitute  the  greatest  percentage  of  thvJ 
surfaced  roads  that  are  built. 

Second,  make  the  maximum  use  of  available  mate- 
rials. Have  your  specifications  as  to  materials  flex- 
ible enough  to  allow  the  use  of  any  gravely  material 
which  with  intelligent  construction  and  maintenance 
methods  can  be  advantageously  used  for  gravel  road 
construction. 

Third,  draw  your  specifications  in  such  a  manner 
that  the  construction  of  gravel  roads  is  a  readily  con- 
tractable  proposition.  Do  not  require  the  construc- 
tion contractor  to  do  a  lot  of  liiaintenance  work  for 
which  he  lias  neither  equipment  nor  the  experienced 
organization  so  necessary  for  satisfactory  gravel  road 
maintenance. 

Fourth,  do  not  expect  satisfactory  results  from  any 
gravel  road  unless  thorough  and  systematic  mainte- 
nance can  be  given.  No  gnavel  road  is  any  better  than 
the  maintenance  it  receives. 


Heavy  Trucks  and  Permanent  Highways 


By  E.   J.   McCAUSTLANDf 


What  is  meant  when  the  term  "permanent  high- 
ways ' '  is  used  ?  The  phrase  is  one  frequently  heard,  but 
its  meaning  is  not  well  established,  since  we  find  it  used 
to  convey  quite  different  ideas  tinder  different  con- 
ditions when  used  by  different  individuals.  In  fact,  the 
term  has  become  a  mere  figure  of  speech,  since  we  know 
that  no  highway  so  far  constructed  has  been  found  to 
be  absolutely  permanent ;  furthern^ore,  if  compared 
with  other  engineering  constructions,  a  little  considera- 
tion will  show  that  we  can  not  hope  to  attain  anything 
more  than  a  certain  degree  of  permanence  even  with 
the  best  materials  obtainable  under  any  ordinary  con- 
ditions of  traffic.  We  can,  however,  choose  for  road 
making  purposes  those  materials  best  suited  to  the 
traffic  the  finished  way  must  hear  so  that  depreciation 
charges  may  be  kept  to  a  minimum,  at  the  same 
time  maintaining  a  standard  of  one  hundred  per  cent 
efficiency  in  the  roadway  at  all  times. 

Some  of  the  Elements  of  Permanency 

The  permanency  in  service  of  a  highway,  as  an  in- 
strument functioning  in  the  problems  of  transportation, 
is  limited  by  the  stability  of  the  foundation  under  re- 
peated loadings  and  the  durability  of  the  wearing 
surface  under  the  attrition  of  traffic  and  the  effects 
of  weathering.  These  are  independent  elements  affect- 
ing permanency,  although  it  is  to  be  noted  that  the 
relative  stability  of  the  foundation  affects  to  a  marked 
degree  the  durability  of  the  wearing  surface.  That  is, 
a  weakness  in  the  foundation  directly  shortens  the 
life  of  the  wearing  surface. 

♦Paper  presented  at  annual  meeting  of  the"  Highway 
Engineers'    Association    of    Missouri. 

tDean,    Engineering   School,    University    of    Missouri. 


The  foundation  should  be  designed  to  carry,  with- 
out injury,  the  greatest  load  that  may  be  brought  upon 
it.  If  the  foundation  yields  even  to  a  slight  degi'ee  it 
is  permanently  damaged  and  an  incipient  failure  of 
the  wearing  surface  at  once  occurs.  If  the  foundation 
actually  fails,  the  road  must  be  rebuilt  so  that  it  be- 
comes practically  a  new  struture.  It  follows  therefore 
that,  in  case  funds  are  limited,  maximum  effectiveness 
must  be  sought  from  all  funds  used  in  the  construction 
of  a  foundation.  That  is,  the  foundation  must  be  de- 
signed to  carry  the  maximum  load  which  may  be  al- 
lowed to  come  on  the  highway  and  legal  restrictions 
should  intervene  to  limit  loads  to  tliat  for  which  its 
foundation  was  originally  designed. 

Ours  is  practically  a  new  country,  and,  as  compared 
with  the  amazing  development  of  the  railways  as  a 
means  of  transportation  of  men  and  goods,  highway 
development  has  been  very  slow.  Even  at  the  present 
time  our  rural  and  urban  communities  develop  much 
more  enthusiasm  over  the  prospect  of  a  railway  or 
inter-urban  electric  line  than  they  do  over  a  newly- 
projected  highway,  in  spite  of  the  fact  that  ultimately 
they  pay  for  all  three. 

It  must  be  remembered  that  in  the  older  countries, 
particularly  in  England  and  on  the  European  Conti- 
nent, the  foundations  for  the  present  magnificent  sys- 
tem of  highways  have  been  in  process  of  formation  for 
centuries.  In  this  country  the  situation  is  entirely 
different.  The  railways  have  liiade  possible  the  spread 
of  the  population  over  great  areas  and  thus  intensified 
and  made  difficult  the  problem  of  highway  building. 
We  have  had  neither  the  time  nor  the  occasion  to  build 
up  foundations  for  present  lines  of  highway.     For  our 
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present  needs  we  must  build  from  the  very  bottom 
and  our  sub-foundations  must  be  laid  in  the  fertile 
soils  of  our  vast  areas  of  farming  lands.  It  is  not  a 
figure  of  speech  to  say  our  problem  is  to  "get  out 
of  the  mud"  while  the  current  problem  in  the  older 
countries  is  much  simplified  by  a  more  gradual  devel- 
opment of  its  territories  over  a  period  measured  in 
centuries. 

The  second  point  which  relates  to  the  permanency 
of  a  highway  is  bound  up  in  the  character  and  qualitj 
of  its  wearing  surface  in  relation  to  the  traffic  it  must 
bear.  If  the  foundation  is  good  this  wearing  surface 
may  be  renewed  again  and  again,  and  in  the  better 
types  of  development  this  method  is  used  to  maintain 
a  high  degree  of  efficiency  in  the  highway  as  a  unit 
in  effecting  transportation.  While  a  satisfactory  foun- 
dation may  serve  to  support  an  indefinite  number  of 
wearing  surfaces,  the  type  and  character  of  the  ma- 
terial used  in  the  construction  of  such  wearing  sur- 
faces must  be  carefully  chosen  in  view  of  numerous 
and  complex  variables  such  as  present  and  probable 
future  traffic,  first  cost  of  construction,  annual  depre- 
ciation and  cost  of  repairs,  as  well  as  the  ease  and 
promptness  of  renewal.  The  last  item  particularly 
should  not  be  overlooked  since  interruption  of  traffic 
may  become  very  costly. 

From  what  has  preceded,  it  appears  that  the  failure 
of  highways  to  sustain  the  traffic  imposed  may  always 
be  charged  to  one  or  two  causes.  Either  a  faulty  con- 
struction of  foundation,  or  an  improper  choice  of  sur- 
facing material.  Tlie  foundation  may  fail  on  account 
of  unstable  soil  conditions,  bad  drainage,  frost  up- 
heaval, or  overloading.  All  of  these  causes  are  sub- 
ject to  investigation  and  susceptible  to  prevention 
within  reasonable  limits  of  cost.  The  skilled  engineer 
may,  therefore,  design  a  road  and  its  foundation  for 
any  probable  condition  of  loading.  It  remains  to  de- 
vise and  enforce  regulations  which  shall  prevent  over- 
loading, and  this  point  will  be  discussed  later. 

The  problem  is  not  so  simple  when  it  comes  to  a 
choice  of  material  for  the  wearing  surface.  It  is  al- 
ways difficult  to  predict  accurately  the  effect  of  traffic 
on  a  particiilar  type  of  road  surface.  Much  depends 
upon  the  character  of  vehicles  used  as  regards  meth- 
od of  propulsion  and  upon  the  magnitude  of  the  load 
carried.  These  variables  as  well  as  the  speed  of  traffic, 
width  and  type  of  tires  and  roughness  of  road  surface 
may  not  be  reduced  to  a  formula  and  only  experienced 
judgment  is  of  value  in  reaching  a  final  decision. 

Much  has  been  written,  and  many  investigations 
have  been  made  regarding  the  effect  of  heavy  trucks 
on  road  surface  and  on  road  foundations,  but  much  is 
yet  to  be  determined.  It  is  found  that  the  character 
of  the  vehicle  and  the  relation  between  the  sprung 
and  unsprung  weight  which  it  carries  has  an  important 
bearing  on  its  effect  as  a  destructive  agent.  These 
investigations  are  still  being  conducted  and  engineers 
are  coming  every  day  into  possession  of  more  and  more 


reliable  information  which  will  help  in  forming  cor- 
rect judgment. 

General  Policy 
Tlie  general  practice  at  the  present  time  in  a  pro- 
gram of  highway  building  is  to  study  present  condi- 
tions as  relates  to  character  and  volume  of  traffic,  make 
some  estimate  of  future  development  regarding  pos- 
sible change  in  these  particulars,  and  with  this  as  a 
basis  choose  type  and  character  of  improvement ;  when 
a  road  so  constructed  is  destroyed,  rebuild  to  a  higher 
standard  and  then  again  repeat  the  cycle  of  construc- 
tion and  destruction.       Certainly  a  saner  and  more 
scientific  plan  of  procedure  would  be  to  first  make  a 
careful  study  and  estimate  of  future  development  from 
present  conditions  in  reference  to  growth  and  char- 
acter of  traffic  and  to  fix  in  advance   the  type  nad 
capacity  of  the  vehicles  that  will  be  allowed  to  carry 
the  traffic  over  the  designated  highway.    "When  these 
points  have  been  decided  upon,  then  design  the  road, 
having  in  view  these  fixed  conditions,  both  as  to  foun- 
dation and  wearing  surface,  and  finally  provide  for 
adequate  maintenance.     The  former  method  is  clearly 
unscientific  and  a  mere  makeshift,  while  the  latter  gives 
opportunity  for  the  application  of  experienced  engin- 
eering judgment. 

To  insure  protection  against  wanton  destruction  of 
highways  by  excessively  heavy  trucks  drastic  legisla- 
tion is  needed.  In  "48  states  there  are  no  less  than 
17  different  bases  or  combinations  by  which"  an  at- 
tempt is  made  to  secure  such  protection.  However, 
this  legislation  generally  takes  the  form  of  exacting 
fees  based  upon  some  one  or  more  of  the  17  items  above 
mentioned.  These  are :  horsepower,  carrying  capacity, 
weight  (vehicle  only),  gross  weight  (vehicle  and  load), 
cost  of  vehicle,  piston  displacement,  total  tire  width, 
weight  of  chassis,  flat  rate  per  vehicle,  horsepower  plus 
gross  weight,  horsepower  plus  vehicle  weight,  horse- 
power plus  cost,  horsepower  phis  capacity,  weight  plus 
cost,  weight  plus  capacity,  weight  plus  horsepower 
plus  cost,  weight  plus  horsepower  plus  cost  plus  capa- 
city. Of  the  above  items  the  Uniform  Vehicle  Law 
recommends  horsepower  plus  gross  weight. 

The  nmin  purpose  of  these  state  laws  apparently  is 
to  insure  some  return  in  fees  from  truck  owners  for 
the  use  of  the  roads.  Some  states  limit  loads,  but  in  very 
few  instances  is  thei-e  any  attempt  to  classify  roads 
on  the  basis  of  carrying  capacity  and  refuse  the  use 
of  any  road  to  excessive  traffic.  To  continue  the  at- 
tempt to  build  roads  to  carry  any  load  that  the  truck 
ovraer  may  see  fit  to  impose  is  to  court  financial  ruin 
and  to  arouse  bitter  opposition  on  the  part  of  the  or- 
dinary taxpayer. 

Jiistiflcation  for  the  Recommended  Policy 

In  the  first  place,  trucking  as  such,  is  a  business 
venture  maintained  and  conducted  primarily  to  re- 
turn profits  to  owners  of  trucks.  It  is  a  busdness  also 
which  is  to  some  extent,  in  competition  with  the  rail- 
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ways,  [n  order  to  make  possible  a  profitable  business 
of  trucking  the  public  provides  at  great  expense  the 
way  over  which  the  vehicles  move  and  this  is  done  at 
no  cost  to  the  truck  owner.  It  is  true,  the  public  may 
roceive  some  benefits  in  reduced  freight  and  passenger 
rates,  but  even  if  these  reductions  are  sufficint  to  ab- 
sorb the  initial  expense  of  highway  construction,  such 
advantage  is  not  evenly  distributed,  and  becomes  less 
so  in  case  of  rebuilding.  Good  engineering  practice 
can  not  justify  the  wastes  that  now'  exist  in  and  arc 
inseparable  from  the  custom  of  building  roads  for  a 
traffic  which  is  too  destructive  of  them  and  which  soon 
demands  further  expenditure. 

It  is  pointed  out  in  an  article  on  motor  vehicle  reg- 
ulation in  an  engineering  periodical  that,  "At  the  end 
of  the  year  1920  the  U.  S.  Bureau  of  Public  Roads  re- 
ports a  registration  of  852,362  motor  trucks  and  com- 
mercial vehicles.  There  were  produced  during  1920, 
according  to  the  National  Automobile  Chamber  of  Com- 
merce 322,039  motor  trucks  as  shown  in  the  following 

table : 

Capacity  Tons  Number  Percent  of 

Total 

%,     61,187  19 

1    164,240  51 

11/2     35,424  11 

2         25,763  8 

21/2     12,871  14 

3%     12,893  4 

5         6,441  2 

Over    5     • 3,220  1 


Total    322,039  100 

It  is  to  be  noted  that  the  1-ton  truck  is  the  prevalent 
size,  constituting  51  per  cent  of  the  1920  production; 
that  the  5-on  truck  constitutes  only  2  per  cent  of  the 
total  output ;  and  that  trucks  exceeding  a  capacity  of 
5  tons  represent  only  one  per  cent.  While  the  number 
of  large-capacity  trucks  is  comparatively  small,  costly 
damages  to  road  surfaces  can  be  done  by  only  a  few 
of  these  large  units." 

As  to  the  future  trend  of  laws  governing  truck  traffic 
it  is  impossible  to  predict ;  I  will  venture  a  suggestion, 
however,  that  will  challenge  some  consideration;  laws 
are  but  an  expres.sion  of  the  crystallized  and  formu- 
lated sense  of  right  and  justice  on  the  part  of  the 
people ;  fair-mindedness  and  a  comprehensive  view  of 
the  whole  problem  of  transportation  is  demanded  of 
road  builders,  the  public  and  the  vehicle  manufac- 
turer and  user;  cooperation  must  be  the  key-note,  but 
no  co-operative  agreement  can  be  hoped  for  until  all 
parties  in  the  case  are  enabled  to  see  the  problem 
from  the  opint  of  view  of  his  fellow  as  well  as  from 
his  own.  I  believe  the  tendency  in  the  near  future 
will  be  toward  more  uniform  regulating  laws  through- 
out the  United  States  and  toward  a  more  rational  basis 
upon  which  to  formulate  such  laws.  Truck  builders 
and  operators  are  helpless  without  roads;  roads  built 
ready  for  traffic  are  useless  without  vehicles;  and  the 
public  depends  upon  both  for  service.  Let  the  slogan 
be,— "Get  together." 


NEW  YORK  STATE  APPROPRIATES 

$25,000,000  FOR  ROAD  WORK 

With  the  three  highway  appropriations  signed  by 
Governor  Miller  on  March  24,  the  total  amount  of 
money  available  for  highway  purposes  in  New  York 
State  amounts  to  $25,406,215.40. 

By  making  a  second  appropriation  for  the  construc- 
tion of  rural  post  roads  and  reappropriating  certain  un- 
expended balances,  it  was  possible  to  reduce  the  meas- 
ure originally  passed  as  chapter  40  of  the  laws  of  1922, 
providing  for  the  maintenance  and  repair  of  state  and 
county  highways  from  $7,500,000  to  $6,150,000.  The 
total  is  far  in  excess  of  any  amount  made  available 
in  any  previous  year  since  the  war  for  highway  pur- 
poses.   The  grand  total  is  made  up  as  follows : 

Reappropriations 
Chapter  6,   laws  1922,  Highway  Improve- 
ment unexpended  balance $351,103.76 

Chapter  7,  laws  1922,   Highway  Improve- 
ment unexpended  balance 575,853.59 

Chapter  9,   laws  1922,  Highway  Improve- 
ment unexpended  balance 249,378.86 


Total  reappropriations $1,176,236.21 

Chapter  8,  laws  1922,  Rural  post  highways, 
U.  S.  share  appropriated  by  state  in  first 
instance  1st  appropriation $4,971,893.11 

Chapter  11,  laws  1922,  State's  share  rural 
post  roads  $5,500,000.00 

Chapter  238,  laws  1922,  rural  post  high- 
ways, U.  S.  share  appropriated  by  state 
in  first  instance,  2nd  appropriation.'..  .   1,232,149.32 

Chapter  239,  State's  share,  2nd  appropria- 
tion     1,250,000.00 


Total  rural  post  roads $12,954,042.43 

General  Reappropriations  ; 

Chapter  10,  laws  1922,  highway  improve- 

-ment,  Jefferson  County's  share $239,274.41 

Chapter  39,  laws  1922,  state  aid  to  certain 

county  highways   2,221,160.00 

Chapter  41,    laws    1922,    highways,    town 

county,   repair   bridges    2,395,000.00 

Chapter  84.  laws  1922,  highways  Monroe 

county's  share 270,502.35 

Chapter  240,  laws  1922,  maintenance  and 

repair,  state  and  county  highways 6,150,000.00 


$11,275,936.76 


Bayfield  County,  Wisconsin,  recently  authorized  the 
issuance  of  $110,000  road  bonds. 


The  Missouri  State  Higfhway  Commission  recently 
approved  contracts  for  82  mi.  of  road  at  a  total  esti- 
mated cost  of  $496,395. 


202 


GOOD    ROADS 


April  5,  1922 


Equipment  —  Trade  —  Materials 


CENTRAL  MIXING  PLANT  ON  ROAD 

CONTRACT  AT  COLORADO  SPRXNOS 

Uue  oi  the  largest  paving  contracts  ever  let  by  a 
city  at  one  time  was  awarded  the  Colorado  Springs  and 
luterurban  Railway  Company  by  the  city  of  Colorado 
Springs,  Colo.,  on  June  24,  1921.  This  job  involved 
the  laying  oi  about  253,000  sq.  yd.  of  asphalt  wearing 
surface  on  a  5-in.  concrete  base.  The  total  value,  to- 
gether witli  incidental  work  ran  something  over  $1,- 
100.000.  A  unique  feature  of  the  contract  was  that 
any  and  all  profits  resulting  sliould  revert  to  the  tsity 
for  the  benefit  of  the  taxpayers.  In  the  effort  to  re- 
duce the  exp<'nse  as  much  as  possible,  the  most  ap- 
proved layouts  of  material  handling  and  concrete  mix- 
ing were  adopted  by  Superintendent  R.  H.  Kimball, 
of  the  Paving  Department  of  the  Railway  Co. 


LAYING  isAst:.   iiiui:!';  .mili':  haul 

At  the  time  the  contract  was  awarded  the  paving 
department  w^as  formed,  the  company  being  at  that 
time  without  anything  in  the  way  of  machinery  or 
personnel.  By  Nov.  1,  the  job  was  40%  completed; 
by  Jan.  1,  50%  completed,  at  which  time  all  operations 
were  suspended  on  account  of  winter.  It  is  expected 
that  the  job  will  be  fully  completed  by  July,  1922. 

For  this  job  the  central  mixing  plant  method  was 
chosen  and  the  mixed  concrete  hauled  by  auto  trucks 
with  steel  dump  bodies  of  2  cu.  yd.  capacity.  The 
maximum  haul  was  3.4  mi.  and  the  minimum  1  mi. 
The  average  being  about  2  mi.  The  largest  number 
of  trucks  in  use  at  any  one  time  on  the  longest  haul 
was  14. 

The  mixing  plant  consisted  of  a  Smith  tilting  type 
mixer  of  27  cu.  ft.  capacity.  Both  fine  and  coarse  ag- 
gregate was  maintained  in  bins  under  a  railroad  tres- 
tle, from  which  it  was  elevated  by  belt  conveyors  to 
the  bunker  over  the  batch  boxes.  The  rock  bins  were 
about  3.50  cu  yd  capacity  and  the  sand  bins  about  300 
cu.  yd.  Water  supy>ly  came  by  2-in.  pipe  from  the 
main,  and  was  measured  by  a  Smith  automatic  tank. 
The  averag:-  mixing  time  per  batch  was  about  a  min- 
ute and  a  half.  The  day  record  up  to  Oct.  18  was  419 
cu.  yd.,  or  3,016  sq.  yd.  of  5-in.  base.    During  the  pe- 


riod from  Sept.  30  to  Oct.  13,  an  average  of  2,311  sq. 
yd.  of  5-in.  base  was  maintained  per  8-hour  day. 

For  this  amount  of  mixed  concrete  there  was  re- 
quired at  the  central  plant  one  man  for  each  2  conveyor 
belts,  one  man  charging  the  batch  hopper,  one  man 
pouring  the  cement  in  the  batch  hopper.  One  oiler,  one 
foreman  and  4  extras  handling  cement  from  the  freight 
ear  or  warehouse.  When  using  cement  from  the  ware- 
house the  bags  were  conveyed  up  to  the  batch  hopper 
by  a  belt  conveyor.  Insofar  as  was  possible,  concrete 
was  unloaded  directly  in  the  batch  hopper  from  the 
ear,  but  in  order  to  get  the  car  out  of  the  way  and 
sometimes  because  the  plant  was  not  in  operation,  it 
was  necessary  to  unload  some  of  the  sacks  down  a 
chute  in  the  warehouse. 


STREET  PAVING  IN  PROVIDENCE  DURING  1921 

New  paving  constructed  by  the  Department  of  Pub- 
lic Works  of  the  City  of  Providenc6,  R.  I.,  during  1921 
included  22,584  sq.  yd.  of  sheet  asphalt  which  was 
laid  on  both  cement  concrete  and  asphalt  macadam 
foundations,  and  217,436  sq.  yd.  of  asphalt  penetration 
macadam  pavement. 

In  the  sheet  asphalt  construction  a  6-in.  cement  con- 
crete foundation  was  employed  on  the  section  between 
the  ear  tracks  and  in  all  inaccessible  areas  which  it 
was  believed  would  not  be  subjected  to  very  heavy 
traffic.  A  6-in.  asphalt  macadam  base  was  utilized 
under  that  part  of  the  sheet  asphalt  which  was  laid 
between  the  car  tracks  and  the  curb,  and  on  straight 
stretclies  where  it  was  anticipated  the  brunt  of  traffic 
would  be  concentrated.  The  asphalt  maeadam  foundu- 
tion  consisted  of  2-in.  trap  rock,  thoroughly  compacted. 
Texaco  asphalt  cement  was  applied  by  four  auto-truck 
distributors  owned  by  the  city,  and  was  spread  at  th.^ 
rate  of  approximately  1.75  gal.  per  sq.  yd. 

The  large  yardage  of  asphalt  penetration  macadam 
was  laid  on  the  residential  streets  of  the  City  of  Provi- 
drnce,  and  is  now  subjected  to  a  variety  of  traffic.  Tlie 
work  has  been  so  satisfactory  that  it  is  planned  to  lay 
a  still  greater  yardage  during  1922. 


INDUSTRIAL  RAILWAY  ON  ROAD  CONTRACT 

A  contract  has  just  been  let  by  C.  F.  Lytle,  road 
contractor,  of  Sioux  City,  Iowa,  to  the  Koppel  Indus- 
trial Car  &  Equipment  Co.,  of  Koppel.  Pa.,  for  fur- 
nishing narrow  jrauge  track,  cars,  and  batch  boxes  for 
a  road  contract  Mr.  Lytle  has  in  Florida.  This  road 
is  to  be  of  concrete,  starting  at  White  House,  Florida, 
and  extending  43  mi.  west. 

The  narrow  gauge  railroad  will  consist  of  25  lb. 
fraek,  on  capped  ties,  each  tie  to  have  a  ridge  in  the 
center,  24-in.  gauge.  The  amount  of  track  will  ex- 
ceed five  miles.  The  necessary  turnouts,  switches, 
frogs,  ground  throws,  curved  track,  etc.,  is  included 
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in  the  contract.  The  contract  also  covers  75  batch 
box  cars  and  150  specially  constructed  steel  bottom 
dump  bath  boxes,  each  box  to  carry  48  cu.  ft.  of  aggre- 
gate. On  account  of  the  variations  in  the  mix  per- 
mitted under  Mr.  Lytle's  contract  with  the  State  of 
Florida,  the  cement  compartment  in  the  batch  boxes 
will  be  of  the  telescoping  design. 


IVIACHINE  DEVISED  TO  TEST 

GRAVEL  FOR  ROAD  BUILDING 

To  aid  the  Bureau  of  Public  Roads  in  giving  par- 
ticular attention  to  the  use  of  local  material  for  road 
construction  wherever  possible,  a  simple,  portable  ap- 
paratus has  been  devised  for  testing  gravel  to  determine 
its  suitability  for  concrete.  The  device  consists  of  two 
steel  balls  arranged  so  that  a  piece  of  gravel  can  be 
placed  on  top  of  one  of  the  balls  and  the  other  ball 
allowed  to  fall  from  different  heights  and  strike  the 
gravel.  The  height  of  fall  required  to  break  the  gravel 
is  an  indication  of  its  suitability  to  withstand  the 
blows  of  traffic. 

Heretofore  there  has  been  no  satisfactory  test  of 
gravel  as  there  has  been  for  stone,  with  the  result  that 
ir  some  instances  more  costly  material  has  been  used 
when  a  suitable  gravel  was  available  close  at  hand. 
Along  this  line  the  bureau  is  conducting  wear  tests  on 
concrete  made  of  many  different  materials  to  determine 
just  how  far  it  is  safe  to  go  when  the  quality  of  mate- 
terial  is  doubtful. 


MICHIGAN  CONTRACTS  FOR  CEMENT 

The  approximately  1,000,000  barrels  of  cement  to 
be  used  by  the  Michigan  State  Highway  Department 
this  year  in  its  road  building  program  will  cost  $2.05 
to  $2.26  a  barrel,  delivered  where  the  work  is  being 
done.  At  this  price,  it  is  estimated  by  department 
officials,  at  least  $100,000  will  be  saved  to  the  state 
compared  with  previous  years,  with  a  i)ossibility  of 
additional  savings  in  case  of  freight  rate  cuts  on  road 
building  commodities. 

The  base  rate  to  be  paid  by  the  state  for  its  cement 
will  approximate  $1.40,  at  the  mills.  A  lower  base 
rate  was  obtained  by  other  states  represented  at  a 
conference  in  Chicago  recently,  when  more  than  2,000. 
000  barrels  of  cement  was  offered  to  the  highway  de- 
partments of  Michigan,  Ohio,  Illinois,  Indiana  and 
adjoining  states.  The  lower  base  rates,  however, 
was  carried  in  contracts  which  require  the  states 
takinor  advantage  of  it  to  take  deliveries  on  high 
quantities  of  cement  at  specified  times.  This  will 
require  storage  and  rehandling,  which,  in  the  opin- 
ion of  Michigan  officials  will  more  than  offset  the 
low  base  price.  Michigan  decided  upon  a  10-cent 
higher  base  rate  with  the  privilege  of  taking  the  cement 
as  needed  and  in  contracts  stipulating  that  any  cuts  in 
freight  rates,  or  other  conditions  that  might  arise  to 
lower  cement  prices,  would  revert  to  the  advantage 
of  the  state. 


MORE  SURPLUS  WAR  MATERIAL  AVAILABLE 

Five  million  board  feet  of  lumber  and  $220,000 
worth  of  other  surplus  war  material,  consisting  of 
steam  and  gas  engines  and  machine-shop  equipment, 
all  unused,  recently  was  made  available  to  state  high- 
way departments  for  road  construction.  The  material 
is  to  be  distributed  by  the  Bureau  of  Public  Roads, 
as  were  large  quantities  which  were  helpful  to  many 
states  in  road  building  last  season.  Most  of  the  lum- 
ber was  intended  by  the  Army  for  the  construction 
of  a  pier  at  Charleston,  S.  C,  and  is  suitable  for  high- 
way bridges.  The  machinery  and  equipment  are  stored 
as  ordnance  supplies  at  the  Picatinny  Arsenal,  Dover, 
N.  J.  This  materia]  is  particularly  in  demand  and  an 
allotment  has  been  requested  by  each  of  the  48  states. 


DECADE  SHOWS  CHANGES  IN 

TYPES  OF  ROAD  MATERIALS 

In  the  last  10  years  there  has  been  a  great  change  iu 
the  type  of  road  suitable  for  traffic  conditions  on  main 
traveled  highways,  according  to  engineers  of  the  Bu- 
reau of  Public  Roads.  In  1910  plain  and  surface 
treated  macadam  were  considered  among  the  highest 
types  of  paving  for  country  roads  and  a  large  per- 
centage of  the  mileage  was  of  the  two  types.  There 
was  a  small  mileage  of  brick  and  concrete  and  a  some- 
what greater  mileage  of  bituminous  macadam  but  tha 
plain  and  surface-treated  macadam  were  the  predom- 
inant types  of  hard  surface  roads.  How  great  the 
change  has  been  is  shown  by  figures  recently  issued  by 
the  bureau.  On  Federal  aid  roads  completed  between 
1916  and  1920  only  2.9  per  cent,  of  the  total  area  paved 
was  plain  and  surface-treated  macadam.  The  types 
that  formerly  constituted  such  a  small  part  of  the  mile- 
age were  as  follows:  Bituminous  macadam,  3.1  per 
cent;  bituminous  concrete,  6.3  per  cent;  cement  con- 
crete, 19.3  per  cent;  and  brick,  4.1  per  cent. 


MOTOR  TRUCE  REGULATIONS  IN  BRUSSELS 

Belgian  legislation  requires  trucks  and  trailers 
weighing  1  ton  pei-  axle  and  over  to  be  equipped 
with  rubber  tires.  Beginning  March  1,  according  to 
the  Independence  Beige,  of  February  10,  1922,  all 
trucks  must  have  tires  measuring  at  least  15  centi- 
meters in  breadth,  and  must  be  equipped  with  two  in- 
dependent sets  of  brakes  capable  of  locking  the  wheels 
on  the  sharpest  grades  in  the  city.  Regulations  as  to 
mufflers  require  silent  motor  operation,  while  exhaust 
must  deliver  the  waste  gases  downward  toward  the 
ground.  Existing  rules  requiring  the  presence  of 
mud  guards  so  constructed  as  to  prevent  all  scattering 
will   also  be  enforced  more  severely  than  heretofore. 


Buncombe  County,  North  CaroUoa,  recently  sold 
$100,000  of  road  and  street  bonds  at  a  premimn  of 
$130  to  the  Provident  Savings  Bank  and  Trust  Com- 
pany of  Cincinnati,  0.     The  bonds  bear  5%  interest. 
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MEETINGS 

Calendar  of  Coming  Meetings 

June  4-6 — American  Association  of  Engineers — An- 
nual conveutiou,  Salt  Lake  City,  Utah.  Secretary, 
C  E.  Drayer,  Chicago,  111. 

June  13-16 — Canadian    Good    Roads    Association — 

Ninth  annual  convention,  Victoria,  B.  C.  Secretary- 
treasurer,  George  A.  McNamee,  Birks  Bldg.,  Montreal, 
Canada. 

June  26-July  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineeis"  Club  Bldg.,  Phila- 
delphia, Pa. 

Oct.  9-13 — American  Society  for  Municipal  Improve- 
ments— Annual  convention,  Cleveland,  0.  Secretary, 
Charles  Carroll  Brown,  Valparaiso,  Ind. 


GOOD  ROAOS  CONGRESS  IN  ARGENTINE 
The  Touring  Club  Argentine  has  announced  that, 
under  its  auspices,  the  First  National  Good  Roads  Con- 
gress will  be  held  in  Buenos  Aires,  Argentine,  in  May, 
1922.  At  the  termination  of  this  congress  a  plan  for 
the  co'nstruction  of  a  network  of  roads  throughoitc 
Ihe  Republic,  drawn  up  by  the  Touring  Club  Argen 
tino,  will  be  submitted  to  the  Argentine  Congress  as 
a  basis  of  proposed  legislation. 

It  is  estimated  that  a  total  of  about  172,000  kilo- 
meters should  be  built  over  a  period  of  15  years,  of 
which  153,940  wotdd  be  dirt  roads,  3,340  improved, 
7,740  macadamized  and  6,880  kilometers  of  such  a  con- 
struction as  would  prove  most  suitable  to  the  particu- 
lar region  traversed.  This  would  make  about  18,000 
kilometers  of  roads  whose  construction  or  repair  would 
cost  19,400  Argentine  paper  pesos  per  kilometer;  the 
cost  of  dirt  roads  is  estimated  at  6,500  Argentine  paper 
pesos  per  kilometer.  In  order  that  tliis  work  may  be 
carried  out,  it  will  be  suggested  that  the  Argentine 
Government  authorize  a  loan  of  550,000,000  pesos  paper 
at  par  and  for  a  period  of  99  years. 

If  18,000  kilometers  of  modern  highways,  not  con- 
sidering the  dirt  roads  were  added  to  the  present  main 
highway  system  of  13,000  kilometers,  it  is  likely  that 
the  imports  of  motor  vehicles  would  increase  greatly, 
to  say  nothing  of  the  large  demand  for  road  building 
machinery  which  would  be  created.  An  active  partici- 
pation in  this  congress  will  thus  prove  of  great  value  to 
American  manufacturers  interested  in  introducing  or 
developing  the  sale  of  their  products  in  this  market, 
especially  as  one  of  the  features  planned  for  the  dele- 
gates and  the  public  in  general  is  a  parade  of  vehicles 
of  all  kinds  and  the  construction  of  a  section  of  high- 
way by  means  of  modem  road  building  machinery  and 
equipment. 


TEXAS  ROAD  BUILDERS'  ASSOCIATION 

The  annual  meeting  of  the  Texas  lioad  Builders'  As- 
sociation will  be  held  at  Austin  on  April  17.  At  the 
Texas  Good  Roads  Show  held  at  Fort  "Worth  on  Marcli 
15  and  16  a  committee  was  appointed  to  revise  the 
constitution.  As  the  comiiig  meeting  the  committee 
will  recommend  that  membership  dues  be  reduced  from 
$10  to  $2. 


AUTOMOTIVE  CONDITIONS  IN  CHINA 
A  inonograpli  "China:  Automotive  Conditions  and 
the  Good  Roads  Movement,"  by  J.  Morgan  Clements, 
American  Trade  Commissioner,  Marcli  2,  1922,  may  be 
obtained  on  application  to  the  Automotive  Division, 
Bureau  of  Foreign  and  Domestic  Commerce,  Wash- 
ington, D.  C. 

Among  other  conclusions,  the  writer  states  that  al- 
though China's  increasing  interest  in  road  building 
is  an  encouraging  sign,  American  manufacturers  should 
by  no  means  jump  at  the  conclusion  that  an  immediate 
market  will  be  created  for  large  numbers  of  motor  cars 
and  trucks. 


Summit  County,  Ohio,  plans  to  pave  40  mi.  of  road 
during  1922  at  a  total  cost  of  $1,500,000,  according  to 
Jack  Weaver,  County  Engineer. 


PERSONAL  MENTION 

Walter  Barber,  at  one  time  county  engineer  of  Clay 
and  Osceola  Counties,  Iowa,  has  been  appointed  as- 
sistant city  manager  of  Long  Beacli,  Cal. 

F.  C.  Brush  has  been  appointed  city  engineer  of  Nor- 
wich, N.  Y. 

Arthur  P.  Denton  has  resigned  as  district  engineer 
of  the  Portland  Cement  Association  to  become  sales 
manager  for  tlie  Pacific  Portland  Cement  Co..  San 
Francisco,  Cal. 

H,  B.  Belford  has  been  appointed  resident  engineer 
of  the  Illinois  State  Highway  Department,  with  liead- 
quarters  at  Carbondale. 

Samuel  Ilai't  has  been  appointed  deiputy  city  en- 
gineer of  Sacramento,  Cal. 

B.  C.  Brennan  has  resigned  as  city  engineer  of  Ken- 
osha, Wis.,  to  enter  private  practice. 

John  Sears  has  been  appointed  resident  engineer  for 
the  Ontario  Department  of  Public  Highways,  with 
headquarters  at  Chatham. 

L.  W.  Wynne-Roberts  has  resigned  as  resident  en- 
gineer of  tlie  Ontario  Department  of  Public  Highways. 

George  Stephenson  has  been  appointed  engineer  of 
Bruce  County,  Ontario. 
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COUNTRY  estates  and   pretentious  city   homes   de- 
rive  much    of   their   beauty   from  their  well   kept 
road  ways. 

These  roads  when  constructed  of  asphalt  fit  in  so  com- 
fortably that  one  would  think  they  had  been  placed 
there  by  nature.  Nothing  stifT  or  formal,  just  a  friendly 
invitation  to  the  traveler  to  seek  the  hospitality  that 
lies  beyond. 

Send  for  our  booklet  Stanolind  Paving  Asphalt.  It  "tells 
all  about  the  proper  construction  of  asphalt  roadways. 
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The  Appearance  of  Our  Highways 


By    CHABLJSS    F.    BOEHLBRt 


Tlic  highway  officials  and  engineers  of  today  have 
a  great  opportunity  before  them.  Highway  construc- 
tion, slow  to  develop  at  first,  has  gained  a  tremendous 
impetus  and  vast  sums  have  been  intrusted  to  the 
higlnvay  officials  and  engineers  to  expend  for  what 
the  public  hopes  to  be  permanent  improvements. 

Highways  yield  three  returns  to  the  public :  service, 
safety  and  appearance,  and  they  should  be  so  de- 
signed as  to  combine  service  and  safety  with  the  great- 
est degree  of  beauty  possible.  The  highway  engineer 
has  been  confronted  with  a  succession  of  problems  to 
meet  the  rapidly  changing  traffic  conditions.  As  the 
traffic  conditions  have  almost  completely  changed  iu 
the  last  few  years,  the  experience  of  the  past  has  been 
of  questionable  use  in  the  design  of  highways  for  the 
future.  The  few  books  written  on  the  subject  have 
soon  become  out  of  date  and  the  highway  engineer  has 
been  forced  to  rely  to  a  great  extent  on  his  own  judg- 
ment and  experience  and  to  adopt  the  best  ideas  of 
Ms  contemporaries.  Under  these  conditions  of  rapid 
changes  it  is  not  strange  that  the  engineer  has  con- 
centrated so  much  on  improving  the  road  surface  that 
he  has  had  little  time  to  devote  to  the  appearance  of 
the  highway  and  to  the  design  of  the  right  of  way 
as  a  complete  unit. 

"While  there  has  been  definite  progress  made  in  the 
design  of  the  road  surface  and  in  some  cases  an  effort 
made  to  beautify  the  roadsides,  in  general,  little  at- 
tention has  been  paid  by  highway  engineers  and  offi- 
cials to  the  appearance  of  the  highway;  this  matter 
being  left  to  the  abutting  property  owner  to  do  as  he 
saw  fit. 

The  system  of  depending  upon  the  abutting  property 
owner  entirely  to  add  beauty  to  the  highway  has  not 
proven  generally  successful  for  the  reasons  that  then 
is  great  variation  in  the  desires  of  individuals  for  such 


*Paper  presented  at  eighth  annual  conference  on   high- 
way engineering  of  the  University  of  Michigan. 

tLandscape   Engineer,    Michigan    State  Highway   Depart- 
ment. 


improvement  and  in  the  ideas  of  individuals  as  to  how 
to  beautify  the  roadsides.  While  attractive  highways 
add  to  the  value  and  appearance  of  the  abutting  prop- 
erty and  the  property  owner  therefore  has  an  interest 
in  the  appearance  of  the  roadsides,  their  greatest  effect 
is  on  the  traveling  public  and  the  public  has  a  pro- 
portionate interest  in  their  appearance.  There  should 
be  no  tendency  to  prevent  the  beautifying  of  the  road- 
sides by  the  property  owners,  in  fact,  this  should  be 
encouraged;  but  it  should  be  done  in  a  way  to  har- 
monize with  a  comprehensive  plan  for  the  whole  high- 
way and  in  line  with  its  future  requirements.  It  be- 
comes a  duty  of  the  highway  official  and  engineer  who 
represents  the  public,  to  plan  for  the  attractive  appear- 
ance of  the  highways  in  a  comprehensive  way  and  to 
encourage  the  proper  development  of  the  roadsides  by 
property  owners,  but  at  the  same  time  to  so  guide 
and  direct  the  work  that  it  will  be  a  public  improve- 
ment as  well  as  a  benefit  to  the  individual. 

Highways  are  not  unlike  other  public  improvements 
in  that  beauty  of  design  should  be  one  of  the  require- 
ments and  this  should  be  considered  and  provided  for 
by  the  authorities  having  charge  of  such  improvements. 
Today  we  are  at  the  point  where  we  realize  that  the 
appearance  of  the  highways  is  a  public  concern,  where 
we  realize  that  we  should  not  expect  the  individual  to 
handle  the  problem  of  adding  beauty  to  them  in  any 
comprehensive  way  without  guidance,  so,  today  the 
highway  officials  and  engineers  have  a  great  opportun- 
ity to  design  the  highways  to  be  beautiful  as  well  as 
useful.  If  they  rise  to  this  opportunity,  the  public 
will  appreciate  it  and  the  property  owners  along  the 
way  will  benefit,  but  if  they  do  not,  their  work  will 
be  incomplete,  the  public  will  be  deprived  of  attrac- 
tive scenery  it  should  be  entitled  to  and  the  property 
owners  will  suffer. 

Centuries  ago,  architects  built  beauty  into  the  great 
cathedrals  of  Italy,  France  and  other  European  coun- 
tries and  today  St.  Peters,  St.  Marks,  St.  Pauls,  Notre 
Dame,  and  the  cathedrals  of  Louvain,   Cologne   and 


206 


GOO  D    ROADS 


April  12,  1922 


many  other  cities  stand  as  monuments  to  the  ability 
of  the  architects  who  considered  beauty  in  their  design. 
Rising  from  the  ruins  of  a  destroyed  Paris  there  ap- 
peared a  city  better  planned  than  before,  a  city  that 
pnibably  has  no  equal  in  its  magnificent  boulevanis 
and  parks,  its  buildings  and  monuments,  all  because 
the  destruction  of  the  old  city  gave  tlie  opportunity 
and  there  were  men  broad  enougli  to  size  this  oppor- 
tunity to  plan  a  better  city.  Not  always  is  a  catastrophe 
necessary  to  give  tlie  opportunity  for  proper  planning. 
Our  own  City  of  Washington  stands  as  u  splendid  ex- 
ample of  city  planning  because  Wasliiugton  had  the 
foresight  to  secure  the  ser\'ices  of  a  man  with  a  vision 
to  plan  a  great  capital  city.  We  are  considered  a  com- 
mercial people,  but  our  great  engineers  and  architects 
are  produeing  works  of  beauty  as  well  as  utility.  The 
Panama  Canal,  the  Croton  Dam  and  other  great  engin- 
eering structures  were  designed  to  be  plea.sing  in  aj)- 
pearance.  Modem  railroad  stations,  hotels,  banks  and 
oflBce  buildings  are  being  made  attractive  without  any 
sacrifices  of  their  utility.  The  beauty  of  the  world's 
great  buildings,  engineering  structures  and  cities  be- 
comes part  of  them  and  they  increase  in  public  appre- 
ciation because  of  this. 

Fortunately,  as  in  buildings  and  cities,  it  is  possible 
to  make  highways  attractive  without  any  sacrifice  of 
utility  by  the  use  of  proper  design.  If  we  would  makn 
our  highways  of  permanent  benefit  to  the  public,  we 
should  design  them  to  meet  the  three  requirements  of 
service,  safety  and  attractive  appearance.  It  is  not 
enough  to  simply  meet  the  requirements  of  utility,  nor 
is  it  enough  to  simply  make  them  beautiful;  but  until 
we  design  the  entire  highway  as  a  complete  unit  which 
will  serve  the  purposes  of  traffic  and  present  that  pleas- 
ing appearance  required  generally  of  public  works, 
we  have  failed,  at  least  in  part,  in  our  work  as  high- 
way engineers  and  officials. 

When  we  study  the  world's  great  buildings  and  st-o 
the  influence  that  their  beauty  has  had  in  their  appre- 
ciation  by  the  public,  when  Me  realize  that  there  is  an 
inherent  love  for  beauty  in  mankind  that  is  always 
seeking  means  of  expression,  when  we  realize  that 
highway  improvement  is  a  tremendous  public  under- 
taking with  an  opportunity  to  provide  for  beauty  that 
would  be  appreciated  by  a  large  proportion  of  our 
population,  then  we  would  expect  a  tendency  among 
the  people  to  demand  more  beauty*  in  our  highways. 
We  find  that  there  is  a  strong  sentiment  in  this  coun- 
try for  making  our  highways  more  attractive.  This 
■entiment  is  widespread,  not  limited  to  a  few  local- 
ities but  it  has  appeared  in  many  [)arts  of  the  state. 
sod  not  only  in  Michigan  but  quite  generally  over  the 
ccontry. 

While  the  movement  toward  roadside  development  'a 
a  logical  outgrowth  of  such  a  great  undertaking  and 
would  have  come  naturally  in  time,  undoubtedly  one 
of  the  big  factors  to  bring  it  to  a  focus  was  the  effect 
of  the  orderly  and  attractive  highways  in  Prance  on 


our  soldiers  who  served  there.  We  find  the  American 
Legion  has  adopted  the  planting  of  memorial  trees 
as  a  national  policy  with  the  possibility  of  11,000  posts 
working  in  unison  to  beautify  our  highways ;  we  find 
tlie  Daughters  of  the  American  Revolution,  the  Grand 
Anny  of  the  Republic,  local  chambers  of  commerce, 
women's  clubs  and  other  organizations  behind  this 
movement  and  the  press  of  the  whole  country  favorable 
to  it. 

While  such  factors  as  pleasing  grades,  suitable 
width  of  road  surface,  well  turfed  shoulders,  slopes 
and  ditches  have  considerable  to  do  with  the  appar- 
ance  of  the  liighway  ,the  greatest  factor  for  the  beau- 
tifying of  the  highways  is  the  development  of  that 
part  of  the  right  of  way  outside  of  the  ditches. 

The  present  tendency  to  reduce  the  depth  of  ditches 
and  to  depend  more  on  tile  under-drain  for  our  drain- 
age not  only  increases  the  safety  of  traffic  but  improves 
the  appearance  of  the  roads  as  well.  The  sodding  of 
slopes,  ditches  and  shoulders  where  the  soil  is  too  poor 
for  successful  seeding  is  advisable  from  the  standpoint 
of  lessened  maintenance,  as  well  as  improved  appear- 
ance. 

In  the  development  of  our  roadsides,  the  question  of 
design  is  of  prime  importance.  If  we  had  only  the 
road  surface  and  the  planting  of  roadside  trees  to 
consider,  the  question  of  design  would  be  simple;  but 
our  highways  are  used  for  other  than  purposes  of  travel. 
By  legislative  enactment,  telephone,  telegraph  and 
power  companies  use  the  highway  right  of  way  for 
the  erection  of  their  poles  and  lines.  To  most  people 
such  poles  and  wires  are  unsightly  and  in  many  cities 
the  wires  are  required  to  be  placed  in  underground 
conduits  or  in  cables,  but  we  must  consider  them  as 
necessary  in  the  design  of  our  highways.  In  the  de- 
sign of  the  whole  right  of  way  sufficient  width  should 
be  allowed  for  the  requirements  of  trafiie  and  the 
proper  drainage  of  the  road  by  side  ditches.  A  i?pace 
should  be  reserved  for  tree  planting  and  a  space  for 
the  erection  of  poles  and  the  stringing  of  wires.  In 
our  normal  66-ft.  right  of  way  we  ordinarily  have  room 
for  all  these  requirements.  If  we  allow  18  ft.  for  road 
metal,  4  ft.  for  the  width  of  shoulders  and  6  ft.  for  the 
width  of  ditch,  it  would  allow  14  ft.  of  width  for 
ti'ees  and  poles.  The  proper  position  of  the  poles  should 
be  either  as  close  to  the  outside  edges  of  the  normal 
ditch  as  reasonable  or  at  the  extreme  outer  edges  of  the 
66-ft.  right  of  way.  Whether  the  trees  or  poles  should 
have  the  outside  position  would  depend  upon  local  con- 
ditions. From  the  standpoint  of  appearance,  I  favor 
the  outside  position  for  the  trees  but  the  reverse  posi- 
tion has  some  advantages.  The  point  which  I  would 
like  to  emphasize  is  that  neither  trees  nor  poles  should 
be  placed  midway  between  the  edge  of  the  ditch  and 
the  edge  of  the  right  of  way.  If  poles  are  so  placed 
it  does  not  leave  sufficient  room  for  trees  on  either  Side 
and  if  trees  are  so  planted  it  does  not  leave  sufficient 
room  for  poles  on  either  side.     While  existing  trees 
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have  considerable  to  do  with  the  location  of  poles, 
it  is  important  that  we  follow  a  standard  practice  wher-  ^ 
ever  it  is  possible  so  that  in  a  few  years  we  will  have 
orderly  liighways  with  trees  growing  in  the  place  re- 
served for  them  and  the  poles  where  they  should  be. 
"We  have  evei-y  evidence  of  the  cooperation  of  pole 
using  companies  in  this  matter  and  we  should  further 
this  cooperation  especially,  in  any  planting  that  is 
done,  by  being  sure  that  the  trees  are  planted  in  the 
part  of  the  right  of  way  that  will  accommodate  properly 
placed  poles  in  the  future.  As  the.  highway  author- 
ities are  in  the  best  position  to  know  the  future  plans 
for  the  highways,  it  should  be  required,  in  all  cases 
where  the  erection  of  poles  or  general  replacement  is 
contemplated,  that  the  pole  using  company  take  i;p 
the  matter  with  the  authorities  having  jurisdiction 
over  the  roads  to  determine  the  proper  position  of 
the  poles.  In  eases  where  road  construction  requires 
the  removal  of  poles,  the  highway  authorities  should 
indicate  what  part  of  the  right  of  way  the  poles  should 
be  placed  at  the  time  of  ordering  their  removal.  In 
some  eases,  especially  where  large  trees  in  the  high- 
way make  a  private  right  of  way  desirable  for  a  line 
of  poles  and  in, many  cases  where  the  poles  should  bo 
placed  at  the  extreme  outer  edge  of  the  right  of 
way  with  the  cross  arms  overhanging  private  prop- 
erty, the  permission  of  the  abutting  property  owner 
is  required  and  the  support  of  the  highway  authorities 
makes  it  easier  to  secure  such  permission.  In  such 
cases  the  highway  authorities  should  be  ready  to  give 
this  support  to  further  the  necessary  cooperation  1)0- 
twecn  pole  using  company,  highway  officials  and  abut- 
ting property  owner  for  the  benefit  of  all. 

In  order  that  the  roadsides  may  be  made  attractive 
and  their  beauty  preserved  it  is  necessary  that  there 
be  suitable  legislation  to  cover  this.  The  laws  of  Mich- 
igan are  favorable  to  this  work,  forbidding  the  cutting 
oi-  injury  of  roadside  trees  Avithout  the  permission-  or 
the  highway  authorities,  providing  for  the  planting 
and  eare  of  trees  along  the  state  trunk  lines  and  fed- 
eral aid  roads  under  trunk  lines  and  federal  aid  road 
maintenance  and  providing  that  counties,  townships, 
cities  and  villages  may  appropriate  funds  for  this  pur- 
pose. In  the  ease  of  state  trunk  lines  and  federal  aid 
roads  it  is  provided  that  the  trees  must  be  obtained 
from  the  State  Agricultural  College,  from  some  other 
state  institution  or  from  neighboring  lands  withom 
cost.  This  provision  is  working  out  as  an  advantage 
as  it  stimulates  the  cooperation  of  local  organizations 
in  supplying  trees  for  this  work  and  insures  a  healthy 
local  interest.  Legislation  of  a  somewhat  similar  na- 
ture has  been  enacted  in  other  states,  including  Cali- 
fornia. Illinois,  Maryland,  Massachusetts,  New  Jersey, 
NewYork,  Oregon,  Pennsylvania,  aod  Washington,  as 
well  as  others.  Although  in  some  cases,  the  legisla- 
tion is  so  imperfect  that  no  actual  work  can  be  done, 
it  shows  an  effort  to  provide  for  this  work  and  un- 
doubtedly before  many  years. 


The  general  policy  for  planting  in  Michigan  in- 
cludes first  a  formal  application  from  the  county  for 
such  planting  and  on  this  basis  as  rapidly  as  possible, 
definite  planting  plans  are  prepared.  In  some  cases, 
suitable  trees  can  be  secured  from  the  State  Agricul- 
tural College  or  they  may  be  obtained  through  dona- 
tion from  nearby  lands,  while  in  other  cases  local  or- 
ganizations have  offered  to  supply  the  trees  required 
for  certain  roads.  In  numerous  other  instances,  local 
organizations  have  made  arrangements  to  plant  mem- 
orial trees,  or  abutting  property  owners  wish  to  plant 
along  their  frontage  and  the  state  has  been  consulted 
relative  to  the  proper  arrangement  of  the  trees.  In 
all  cases  the  intention  is  to  study  the  conditions  and 
make  the  planting  plans  fit  these  conditions  and  con- 
form to  the  best  future  development  of  the  highway. 
In  some  places,  regular  rows  of  trees  are  provided 
for  while  in  other  locations,  especially  in  the  more 
rugged  regions,  a  naturalistic  arrangement  of  trees  in 
irregular  groups  is  more  fitting.  The  varieties  are 
chosen  with  regard  to  the  types  of  soil  and  other  con- 
ditions that  might  limit  the  growth.  Where  planting 
is  desirable  but  the  available  space  is  taken  up  by 
lines  of  wire,  the  smaller  growing  varieties  are  chosen 
to  prevent  future  interference  of  the  wires,  but  where 
there  is  room  for  .the  trees  to  grow  up  past  the  wires 
the  taller  varieties  are  chosen,  providing  for  under- 
trimming  and  the  use  of  shorter  poles.  It  is  considered 
far  better  to  study  the  grounds  carefully  and  adapt  the 
type  of  planting  to  the  existing  conditions  than  to  con- 
duct the  planting  on  a  larger  scale,  on  the  basis  of 
set  rules  requiring  regular  spacing  of  the  trees  under 
all  conditions.  The  promiscuous  planting  of  trees  in 
straight  rows  and  at  regular  intervals  on  all  our  roads 
would  result  in  monotony  while  moderate  planting  in 
this  way  varied  with  the  informal  type  of  planting 
where  that  type  is  adapted  would  result  in  more  pic- 
turesque and  interesting  highways. 

In  the  choice  of  varieties  and  the  general  arrange- 
ment of  the  planting  it  is  the  intention  to  consider 
the  abutting  property  owner  and  to  so  plan  the  work 
that  it  will  be  a  benefit  to  him  as  well  as  an  improve- 
ment to  the  highway.  As  there  are  many  kinds  of 
useful  and  ornamental  trees  adapted  to  different  con- 
ditions of  soil  and  growth  it  is  usually  possible  to  se- 
cure the  full  cooperation  of  the  abutting  prop- 
erty owner  by  choosing  the  kind  of  trees  we  are  pro- 
viding for  the  future  appearance  of  the  highways. 
While  there  is  noticeable  improvement  in  appearance 
in  a  few  years,  we  are  really  planting  for  twenty-five, 
fifty  or  a  hundred  or  more  years  in  the  future.  While 
this  is  work  that  will  be  appreciated  by  future  genera- 
tions, we  should  not  lose  sight  of  the  fact  we  have  ex- 
isting, along  many  of  our  roads,  trees  that  are  already 
fifty  or  a  hundred  years  old  and  young  trees  that  only 
need  the  proper  care  and  protection  to  make  the  road- 
side attractive. 

A  few  years  ago  there  was  a  tendency  to  cut  all 
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•hroba  and  young  trees  from  the  roadsides  and  this 
tendency  is  still  noticeable  in  some  localities.  Those 
same  roadsides,  made  barren  through  this  wholesale 
clearing  are  now  being  considered  for  planting.  How 
much  more  reasonable  it  is  to  cut  only  the  undesirable 
growth  and  to  reserve  the  desirable  trees,  shrubs,  and 
vines,  thereby  saving  expense,  labor  and  years  of 
waiting,  besides  producing  roadsides  more  attractive 
than  those  planted  by  man. 

In  the  cleaning  up  of  the  roadsides,  let  us  save  the 
young  trees,  even  if  we  have  too  many  they  are  pro- 
ducing useful  wood  and  the  surplus  can  be  cut  at  any 
time.  Let  us  save  such  attractive  flowering  trees  as 
the  thomapple,  the  dogwood,  red  bud  and  shadbush 
and  such  shrubs  and  vines  as  the  red  osier,  witch 
hazel,  wild  rose,  sweet  fern,  meadow  sweet,  clematis, 
bitter  sweet,  wild  grape,  woodbine  and  even  the  elder 
and  sumac.  H  we  realuse  that  all  these  plants  are 
grown  in  great  quantities  in  nurseries  and  used  for 
ornamental  planting  in  parks  and  private  grounds, 
we  will  see  that  they  have  value  and  surely  it  is  un- 
reasonable to  destroy  such  plants  and  at  the  &ame  time 
provide  for  other  planting. 

In  the  preservation  of  our  roadside  trees,  the  trim- 
ming and  cutting  by  different  pole  using  companies 
as  well  as  private  individuals  has  been  a  problem. 
Under  our  tree  protection  law,  enacted  last  year,  com- 
panies wishing  to  do  trimming  or  cutting  along  the 
state  trunk  lines  or  federal  aid  roads,  make  formal 
applications  for  tree  trimming  or  tree  cutting  permits 
to  the  State  Highway  Commissioner.  Then  arrange- 
ments are  made  to  go  over  the  proposed  work  by  a 
representative  of  the  state,  county  and  company,  spe- 
cific instructions  given  and  a  permit  granted  on  the 
merits  of  the  case.  The  company  is  also  provided  with 
a  set  of  general  instructions  and  the  permit  is  subject 
to  revocation  if  the  work  is  improperly  done.  The  in- 
tention is  to  depend  as  much  as  possible  upon  the 
county  organizations  to  see  that  such  work  is  properly 
done,  on  the  same  basis  as  truck  line  maintenance  is 
bundled,  with  a  general  oversight  by  the  state.  While 
this  law  has  been  in  operation  only  a  short  time  it  is 
gratifjring  to  note  the  spirit  of  cooperation  which  is 
manifest  among  the  pole  using  companies.  Many  trees 
have  already  been  saved  and  the  quality  of  tree  trim- 
ming is  improving.  Bapecially  is  this  true  where  the 
more  progressive  companies  have  placed  their  tree 
trimming  in  charge  of  trained  foresters.  We  still  have 
some  unauthorized  cutting  by  individuals,  but  such  cut- 
ting is  usually  done  by  men  ignorant  of  this  law  and 
they  stop  thla  deatruction  when  the  law  is  explained 
to  them. 

Some  of  the  questions  that  a  few  years  agfo  were 
evident  in  the  problem  of  roadside  development  have 
been  answered  here  in  Michigan.  It  is  generally  recog- 
nised  that  it  is  desirable  to  make  our  highways  more 
attractive,  there  is  a  general  demand  that  roadside 
planting  be  done  and  there  is  a  spirit  of  cooperation 


between  the  highway  authorities,  local  organizations, 
residents  along  the  way  and  pole   using  companies. 
We  now  have  favorable  legislation,  the  lack  of  which 
for  a  long  time  prevented  effective  woik,  and  we  have 
adopted  a  policy  for  handling  the  work.     The  great 
need  now  is  for  men  trained  along  these  lines  tc  carry 
out  this  work  successfully.    I  am  convinced  that  high- 
way engineers  should  study  the  subject  of  roadside 
development  and  proper  tree  trimming.    In  some  cases 
counties  have  added  to  their  organizations  men  who 
are  trained  in  forestry  and  landscape  engineering  and 
the  results  of  their  work  already  justify  this  move. 
Other  counties  are  planning  to  place  the  work  of  tree 
trimming  and  tree  planting  in  charge  of  experts.    It 
is  quite  evident  that  this  move  is  right,  for  we  can- 
not expect  good  work  from  unskilled  or  improperly 
directed  workmen  in  any  line  of  endeavor  and  espec- 
ially in  a  work  such  as  this,  where  faults  are  not  evi- 
dent  for  perhaps   several   years.     Some   of   the   pole 
using  companies  are  placing  their  tree   trimming  in 
charge  of  trained  foresters  and  there  is  no  comparison 
between  the  work  done  in  this  way  and  that  done  by 
linemen  and  others  who  have  not  made  a  study  of 
tree  trimming  for   the    benefit    of    the    tree.     There 
has   been   a   great   deal   of   public   criticism    of   pole 
using   companies  for   trimming   that   has  been   done 
in  the  past,  but  there  is  no  reason  why  this  criticism 
could    not    be    changed    to    approval    if    the    neces- 
sary tree  trimming  is  done  in  a  scientific  manner  by 
experts.    The  work  costs  no  more  when  properly  done 
but  the  results  are  lasting  and  the  confidence  of  the 
public  is  gained.    I  am  sure  that  the  progressive  com- 
panies wish  to  do  this  work  right  and  gain  the  con- 
fidence of  the  people,  but  we  as  highway  officials  and 
engineers  should  be  in  a  position  to  know  what  proper 
trimming  is  and  to  insist  that  proper  trimming  be  done. 
We  have  the  public  demand  for  better  appearance 
in  »ur  highways,  we  have  the  cooperation  of  the  peo- 
ple in  this  work,  we  have  the  legislation,  the  means 
and  a  general  policy  and  we  are  beginning  to  get  men 
trained  in  the  work,  but  our  greatest  need  is  the  men. 
With  a  better  knowledge  of  this  work  among  highway 
engineers  and  officials,  vdth  enough  trained  men  to 
carry  it  on,  our  roadsides  will  be  made  attractive  to 
the  lasting  pleasure  and  benefit  of  the  people. 


Finance  Commissioner,  Richard  Murphy,  of  New 
Orleans,  La.,  has  requested  the  Board  of  Health  and 
the  Police  and  Fife  Departments  to  voluntarily  cut 
their  budgets  in  order  that  the  city  may  take  advan- 
tage of  the  satisfactory  prices  obtained  at  this  time  to 
carry  out  the  entire  1922  street  paving  program. 


Allen  County,  Ohio,  after  several  years  delay,  plans 
to  join  the  good  roads  movement  by  spending  $1,250,- 
000  on  highway  improvement  this  year.  The  bonds 
have  been  sold  and  work  will  start  immediately. 
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GASOLINE  TAXES  FOR  ROAD  FUNDS 

Four  states  have  recently  enacted  a  tax  of  one  cent 
per  gallon  on  gasoline,  making  a  total  of  18  states 
which  utilize  this  source  of  revenue.  Measures  propos- 
ing the  taxation  of  gasoline  are  now  pending  in  two 
other  states.  Next  year  the  legislatures  of  34  states  will 
convene  and  it  is  probable  a  number  will  enact  gasoline 
taxes  to  augment  their  road  funds.  Very  likely  within 
.-•  few  years  practically  every  state  will  be  securing  an 

Important  part  of  its  road  revenue  from  gasoline  taxes. 
A  gasoline  tax  is  one  of  the  most  equitable  taxes  that 
an  be  levied  on  automobiles,  in  that  motor  vehicle  own- 
irs  are  assessed  in  proportion  to  the  use  they  make  of 
he  highways.  However,  a  gasoline  tax  has  its  limita- 
tions and  can  not  be  used  in  lieu  of  other  taxes  on  mo- 
tor vehicles.  For  example,  a  motor  truck  with  a  load 
of  five  tons  will  cause  more  wear  and  tear  on  a  road  in. 
consuming  ten  gallons  of  gasoline  than  will  a  light 
passenger  car  using  the  same  amount  of  gasoline. 

The  road  funds  of  more  than  half  of  the  states  in  the 
Union  can  be  materially  increased  by  the  adoption  of 
gasoline  taxes.  Current  road  revenues  ought  to  be 
made  as  great  as  possible  so  as  to  avoid  excessive  bond 
issues.  With  one  exception,  the  State  of  Oregon, 
which  has  a  gasoline  tax  of  two  cents  per  gallon,  gas- 
oline taxes  so  far  imposed  are  uniformly  one  cent  a 
gallon.  A  bill  is  pending  in  the  Maryland  Legislature, 
however,  which  proposes  a  two  cent  tax.  Just  why  a 
one-cent  tax  has  been  adopted  generally  is  not  ap- 


parent. In  some  states  with  large  mileages  of  im- 
proved highways  a  much  larger  tax  would  be  entirely 
justified,  for  the  ton-mile  cost  of  operation  of  a  mo- 
tor vehicle  on  a  paved  road  is  much  less  than  on  a 
gravel  or  earth  road. 


FORMS  IN  CONCRETE  CONSTRUCTION 

Great  care  must  be  exercised  in  the  construction  of 
modern  highways;  a  neglect  of  details  may  diminish 
the  value  or  life  of  a  pavement.  For  example,  it  has 
been  found  that  the  weight  of  the  forms  used  in  the 
construction  of  a  concrete  road  has  a  direct  bearing 
upon  the  finished  surface. 

"Steel  forms  weighing  about  four  pounds  to  the  foot 
were  at  first  used,"  writes  W.  E.  Hawkins,  Assistant 
Engineer  of  the  North  Carolina  State  Highway  De- 
partment, in  an  article  appearing  elsewhere  in  this  is- 
sue, ' '  but  constant  use,  coupled  with  careless  handling, 
caused  poor  alignment,  grade  and  finish.  This  weight 
has  been  increased  from  time  to  time  until  experience 
has  demonstrated  that  with  each  increase  of  form 
weight,  better  results  have  been  obtained  in  surface 
finish  and  riding  qualities." 


HIGHWAYS  AND  NATIONAL  UNITY 

"When  the  Federal  aid  highway  system  provided  for 
by  the  recently  enacted  federal  highway  act,  is  com- 
pleted there  will  be  a  network  of  roads  180,000  mi.  in 
length  covering  the  whole  United  States.  The  time 
required  for  the  completion  of  the  system  will  depend 
upon  the  rate  at  which  the  necessary  Federal  funds 
are  provided. 

An  idea  of  what  these  roads  will  mean  to  the  coun- 
try can  be  gained  by  studying  the  effect  of  roads  built 
in  recent  years  and  picturing  what  would  happen 
should  they  be  torn  up  and  left  in  their  former  condi- 
tion. 

Should  these  roads  go  back  to  their  former  state  and 
the  motor  vehicles  which  have  come  with  them  disap- 
pear there  would  be  many  changes.  Many  suburban- 
ites would  have  to  move  into  the  city  and  there  would, 
be  a  decrease  in  value  of  suburban  real  estate.  Cities 
would  have  trouble  in  getting  their  fresh  milk  and 
food  supply.  Much  farm  land  would  decrease  in  value 
and  the  effect  on  rural  social  life  would  be  serious.  In 
fact,  motor  vehicles  and  the  roads  on  which  to  use 
them  form  such  an  important  part  of  our  economic  and 
social  life  that  it  is  hard  to  picture  to  the  full  extent 
what  would  happen. 

Since  all  this  dependence  on  highway  transportation 
has  come  in  a  brief  period  of  years  and  with  the  con- 
struction of  115,000  mi.  of  surfaced  highways,  60,000 
of  which  are  on  the  proposed  Federal  aid  highway 
system,  it  can  be  understood  what  further  changes  will 
take  place  as  the  system  grows  to  180,000  mi.  in  length 
and  other  roads  are  built  branching  out  from  it. 
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The  Construction  of  Concrete  Pavements 


By   W.   K.   HAWKIXSt 


lu  tilt'  coiuiiUt'iatiou  of  permanent  roads  it  is  seen 
that  we  have  been  passing  througli  an  age  of  transi- 
tion regarding  methods  of  construction  for  the  past 
fifteen  years.  The  public  has  now  begun  to  realize 
what  a  good  road  lueaus,  with  the  result  that  large 
sums  of  money  are  being  appropriated  for  the  con- 
struction of  better  and  permanent  roads.  North  Caro- 
lina, being  uuc  of  the  foremost  states  in  the  Union, 
has  followed  the  lead  of  other  states  and  ten  months 
ago  launched  out  upon  an  ambitious  good  roads  con- 
struction program. 

Engineers  have  been  striving  for  years  to  develop 
and  construct  a  permanent  road,  a  road  tiiat  would 
be  giving  the  public  their  money's  worth,  tiiat,  with 
proper  maintenance  would  still  be  in  existence  upon 
the  maturity  of  the  bonds,  and  one  that  would  satisfy 
the  requirements  of  the  public. 

Approximately  ten  years  ago,  concrete  received  its 
firet  impetus  in  roadway  construction.  With  the  in- 
crease of  motor  driven  veliidos  it  was  found  that 
further  construction  of  macadam  roads  with  their  ex- 
cessive maintenance  costs  was  a  waste  of  money.  "With 
this  realization  several  states  built  sections  of  concrete 
roads  where  traffic  vvas  heavy.  The  question  of 
strength  and  wearing  surface  at  first  was  not  given 
proper  consideration,  with  the  result,  that  failures  oc- 
curred in  a  vei"y  siiort  time.  With  the  increase  in 
traffic  the  riding  surface  of  the  pavement  gave  way 
to  rough  and  imevi-n  places,  and  as  the  strength  of 
the  pavement  was  not  sufficient  to  withstand  the  ever- 
increasing  load,  numerous  cracks  occurred  at  different 
points  in  the  pavement. 

In  the  past  failures  of  concrete  pavements  have  been 
attributed  to,  improperly  prepared  subgrades;  inade- 
quate drainage  systems;  tlic  use  of  aggregates  whic'i 
were  not  clean,  well  graded  or  properly  proportioned ; 
the  use  of  cement  that  had  not  been  properly  tested 
or  stored  on  the  job;  inadequate  or  irregular  mixing; 
the  use  of  too  much  watir,  and  a  searcity  of  cement. 
In  many  cases  the  pavements  were  not  built  to  speci- 
fied depth,  and  the  reinforcing  material  was  not  placed 
as  specified.  P'ailures  also  resulted  when  poor  finishing 
methods  were  employed  or  when  the  curing  was  not 
carried  out  according  to  specifications.  The  sub- 
grade  must  he  uniform;  well  drained  at  all  times: 
soft  or  wet  spots  must  be  removed ;  free  from  an  ob- 
'  lable  material;  have  no  ruts,  bumps  or  low 
>;  and  l)c  firm  and  well  rolled.  It  is  a  waste  of 
money  to  lay  a  concrete  road  upon  a  subgrade  that 
13  not  properly  prejmred,  for  in  due  time  failure  of. 
tiiat  section  of  i>avpnient  will  surely  result. 

Aft'  subgrade   has  been   properly   prepared, 

forms  should  be  erected  according  to  alignment  and 


tAMintant  SUte  HiKhway  En«ine«r  of  North  Carolln 


grade  as  given  by  tiie  engineer.  The  riding  qualities 
of  a  concrete  road  depend  to  a  large  extent  upon  the 
forms.  Wood  forms  have  shown  by  experience  to  be 
unsatisfactory,  as  they  soon  become  warped,  split  and 
broken.  Steel  forms  weighing  about  four  pounds  t.) 
the  foot  were  at  first  used,  but  constant  use,  coupled 
with  careless  handling,  caused  poor  alignment,  grade 
and  finish.  This  weight  has  been  increased  from  time 
to  time  until  experience  has  demonstrated  that  with 
each  increase  of  form  weight,  better  results  have  been 
obtained  in  surface  finish  and  riding  qualities.  Forms 
must  be  oiled  or  greased  each  time  before  use.  At 
all  times  they  must  be  set  accurately,  with  good  aligu- 
nient,  grade  and  stability.  Poor  line,  grade  and  in- 
sufficient staking  will  result  in  uneven  and  rough  rid- 
ing surfaces.  Two  hundred  feet  of  forms  on  both 
sides  must  be  set  at  all  times  in  advance  of  the  mixer 
in  order  to  insure  proper  alignment  and  grade. 

The  materials  entering  into  the  construction  of  the 
road  should  be  first  class  in  quality,  as  they  are  the 
vital  parts  of  the  pavement.  All  materials  must  pass 
a  rigid  laboratory  test  before  being  used.  This  is  es- 
pecially true  of  the  fine  aggregate,  as  poor  quality  in 
this  material  in  the  past,  has  been  responsible  for 
many  failures  in  concrete  pavements. 

Cement  shoiild  be  sampled  from  cars  whoyn  loading 
at  the  mill.  The  cement  must  bo  carefully  stored  and 
kept  dry.  Under  no  condition  should  it  be  placed  on 
the  ground.  When  cement  that  has  not  been  tested 
arrives  at  the  work,  it  should  not  be  unloaded  until 
sampled.  Until  a  report  has  been  received  the  eemenl 
should  be  carefully  stored  in  a  shed,  and  so  placetl. 
tliat  it  can  easily  be  identified  in  case  of  necessity. 
All  materials  used  must  be  well  graded,  clean,  tested 
and  approved  hy  engineer  of  tests  before  being  used 
in  the  work. 

In  regard  to  the  strength  and  section  of  concrete 
pavements,  we  have  two  types,  a  road  with  a  flat 
subgrade,  6  to  8  in.  thick  at  sides  and  8  to  10  in.  thick 
in  the  center.  This  design  has  been  found  to  pos- 
sess sufficient  strength  and  endurance  to  take  care 
of  our  future  traffic  needs.  The  other  type  is  a  pave- 
ment of  uniform  thickness  with  fabric  reinforcement 
placed  2  in.  from  the  surface  which  in  some  cases  will 
prevent  racking,  while  in  others  will  prevent  cracks 
from  opening  up.  This  reinforement  also  gives  pave- 
ment sufficient  beam  strength  to  counteract  any  trans- 
verse and  longitudinal  cracks  which  would  have  even- 
tually developed  had  the  pavement  not  been  reinforced. 
With  our  present  design  of  fabric  reinforcement  with 
marginal  bars  at  the  sides  of  the  pavement,  a  road  of 
6  in.  uniform  thickness,  so  reinforced,  will  certainly 
prove  durable  and  suitable  to  the  traffic  needs  of  this 
state. 
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There  are  three  methods  now  being  almost  univers- 
ally used  in  the  mixing  and  placing  of  concrete  roads. 
First,  the  central  proportioning  plant,  where  the  ag- 
gregates are  proportioned  at  a  central  plant,  placed 
in  measuring  or  batch  boxes,  and  hauled  by  trucks 
or  industrial  railway  to  point  of  use.  Second,  central 
mixing  plant,  the  concrete  being  prepared  at  central 
plant  and  hauled  to  point  of  use  by  motor  truck  for 
distances  of  several  miles.  Third,  materials  being  dis- 
tributed along  project  adjacent  to  road  in  storage 
piles  at  distances  of  from  500  to  1,000  ft.  and  hauled 
in  carts  or  trucks,  with  proportioned  compartments,  to 
point  of  use. 

Under  no  consideration  should  materials  be  allowed 
to  be  dumped  upon  the  subgrade.  Experience  in  the 
past,  with  this  method,  has  demonstrated  tliat  the  sub- 
grade  has  not  been  properly  prepared  before  materials 
are  placed  thereon.  Wheel-barrows,  as  measuring  de- 
vices have  not  given  satisfaction.  Aggregates  shovel- 
ed or  forked  ^vith  this  method  become  mixed  with  dirt 
and  other  objectionable  material. 

The  correct  measuring  of  all  materials  insures  satis- 
factory work.  The  contents  of  all  proportioning  boxes, 
batch  boxes  or  other  measuring  devices  must  be  de- 
termined by  accurate  measurements.     Poorly  propor- 
tioned and  weak  batches  in  a  day's  run  result  after  a 
^ew  years' service  in  pot  holes,  and  surface  disintegra- 
Son,  which  affect  riding  qualities  of  road  and  require 
laintenance.     The  inspector  should  keep  an  accurate 
leck  on  the  amount  of  cement  used,  maintain  a  daily 
ecord  of  length  of  pavement  laid,  and  report  daily, 
the  di.strict  engineer  the  quantities  of  cement  used. 
[  The  next  important  step  is  the  mixing  of  the  matcr- 
ils.     They  should  be  mixed  for  IJ/^  min.  in  a  batch 
aixer    equipped    with    a    timing    device    attachment. 
K&tev  should  be  added  at  the  time  the  materials  are 
[leing  run  into  the  mixer.     In  the  mixing  of  concrete 
^he  time  of  mix  and  the  water  factor  are  most  im- 
portant.    As  a  general  rule  the  less  water  used  and 
le  greater  the  time  of  mixing,  results  in  a  stronger 
Dncrete.     A  concrete  of  proper  consistency  can  be  ob- 
tained with  less  water  if  the  time  mixing  is  increased. 
[any  thousands  of  dollars  are  wasted  by  the  use  of 
too  much  water  during  mixing.     It  is  obvious  that  a 
larger  amount  of  water  will  allow  a  mixer  to  turn  out 
what  looks  like  a  well  mixed   concrete  but   in   such 
cases  we  do  not  get  proper  hydration  of  the  cement. 
The  concrete  should  come  from  the  mixer  with  every 
particle  of  the  fine  and  coarse  aggregate  coated  with 
cement,  when  deposited  it  will  be  neither  sloppy  nor 
granular  but  a  uniform  mass. 

Before  placing  concrete,  the  subgrade  should  be 
tested  with  a  subgrade  tester  to  insure  proper  depth 
of  pavement.  The  subgrade  must  be  firm,  smooth  and 
uniform.  Concrete  shall  be  placed  only  on  a  moist  sub- 
grade  and  by  means  of  a  discharging  device  which  does 
not  caiise  separation  of  matrix  and  the  coarse  aggre- 
gate.    If  concrete  is  too  wet,  the  mortar  will  separate, 


leaving  the  coarse  aggregate  pocketed.  This  results 
in  concrete  which  is  weak  in  spots.  The  use  of  short 
handle,  square-pointed  shovels  allows  the  laborers  tJ 
deposit  the  concrete  in  a  uniform  mass  more  than  the 
use  of  any  other  implement. 

If  fabric  reinforcement  is  used,  it  must  be  perfectly 
flat  when  placed  in  the  work.  If  finished  in  rolls,  it 
must  be  flattened  by  the  use  of  a  machine.  '  The  fabric 
must  extend  to  within  2  in.  of  the  sides  of  the  pave 
nient,  and  must  be  lapped  one-half  the  distance  of  the 
spacing  of  the  main  members.  If  the  reinforcement  is 
placed  lower  than  2  in.  in  the  pavement,  the  desired 
result  is  lost.  A  striking  template  insuring  a  2-in. 
depth  must  bo  used  in  order  to  secure  uniformity.  The 
first  layer  of  concrete  shall  be  deposited  to  the  deptli 
of  fabric  reinforcing  and  then  struck  off  with  approved 
template.  After  reinforcement  is  in  position,  tlie  re- 
maining 2  in.  of  concrete  is  placed  On  top  of  it.  Work- 
men should  not  be  permitted  to  walk  in  the  concrete 
after  the  initial  spreading. 

As  soon  as  the  full  depth  of  concrete  has  been  spread, 
it  shall  be  struck  off,  either  by  a  hand  template  or  an 
approved  finishing  machine.  The  hand  template  sliould 
weigh  not  less  than  400  lb.,  and  shaped  to  cross  section 
of  road  according  to  plans.  A  slight  excess  of  con- 
crete must  be  maintained  ahead  of  the  strikeboard  at 
all  times.  The  template  must  be  worked  in  a  cross- 
v.'ise  and  longitudinal  movement,  always  keeping  an 
excess  of  concrete  ahead;  this  will  insure  a  uniform, 
and  true  surface.  Before  the  pavement  is  struck  off, 
the  sides  must  be  spaded  in  order  to  prevent  honey- 
combed sections  and  to  insure  satisfactory  edging. 
Templates,  both  hand  and  finishing  machine.  mu.st  bo 
checked  morning  and  noon  for  crown.  Svifficient  al- 
lowance must  be  made  for  the  slump  of  concrete  in 
hardening.  They  sliould  have  a  crown  of  at  least  1/4  ii- 
greater  than  crown  of  finished  pavement. 

After  the  concrete  has  been  struck  off,  it  should  by 
rolled  with  a  roller  of  size  and  weight  according  to 
specifications.  Tliis  removes  all  air-bubbles  and  pockets 
in  the  concrete.  The  use  of  the  roller  must  not  be 
delayed  until  the  surface  is  partially  set.  Too  early 
rolling  will  remove  too  much  mortar  and  not  water. 
The  roller  must  be  moved  slowly,  passing  over  surface 
and  back,  it  is  then  lifted  and  advanced  one-half  its 
length,  the  rolling  operation  then  being  repeated. 
Free  water  must  be  allowed  to  come  to  the  surface  be- 
tween each  rolling,  and  the  rolling  continued  until  this 
ceases.  The  roller  must  be  wetted  after  each  opera- 
tion and  kept  clean  and  true  in  form. 

After  final  rolling,  the  belting  of  the  surface  sliould 
follow.  The  belt  must  be  kept  moist  or  oiled  and 
cleaned  at  all  times.  It  should  be  made  of  a  com- 
position and  size  according  to  specifications.  The  first 
belting  of  the  surface  takes  out  small  irregularities, 
romoves  excess  water  and  smooths  the  surface.  It  is 
necessary  to  repeat  this  operation  to  secure  the  desired 
results.     The  final  belting  must  be  given  the  surface 
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whfu  coucrtte  nas  partially  set,  all  excess  water  hav- 
ing been  taken  off  and  the  finished  surface  resulting 
should  be  uniform  and  of  gritty  texture.  The  belt 
should  not  be  allowed  to  rest  on  the  fresh  concrete 
at  ajiy  time. 

In  the  use  of  the  finishing  machine,  poor  results  have 
been  obtained  in  the  past,  because  of  inexperienced 
operators.  An  operator  must  be  experienced,  or  in- 
structed and  trained  to  finish  a  pavement  which  is 
uniform.  The  defect  of  finishing  machine  work  Is  an 
irregular  wavy  surface,  which  is  caused  in  a  number 
of  ways.  These  can  be  remedied  by  not  allowing 
machine  to  move  too  fast,  keeping  excess  of  material 
in  front  of  strike-board  and  a  proper  amount  of  tamp- 
ing. The  tendency  in  the  past,  has  been  to  finish  the 
surface  entirely  too  wet. 

To  overcome  this,  the  surface  should  be  required  in  all 
eases  to  be  rolled  with  a  hand  roller  as  hereinbefore 
described  under  hand  finishing. 

The  placing  of  transverse  joints  in  a  concrete  pave- 
ment has  had  a  niunber  of  years  of  experiment.  Some 
engineers  are  still  placing  joints  at  from  25  to  40  ft. 
apart  unreinforced,  with  a  joint  filler.  It  has  been  de- 
monstrated that  the  best  results  will  be  obtained  by 
placing  joints  reinforced  with  dowel  rods  at  the  end 
of  each  day's  work,  with  joint  filler  of  from  >^  to  1 
in.  This  will  allow  free  movement  as  the  slab  ex- 
pands or  contracts. 

The  last  operation  in  the  construction  of  a  concrete 
pavement  is  that  of  curing.  The  best  method  of  cur- 
ing is  obtained  by  ponding.  Tests  have  shown  that 
additional  strength  and  better  wearing  qualities  have 
been  obtained  by  proper  curing  of  concrete.  As  soon 
as  the  surface  of  the  concrete  is  finished,  it  should  be 
protected  by  canvas  or  other  similar  material,  placed 
on  frames  or  on  the  surface  of  tbe  pavement.  Another 
practical  method  is  that  of  placing  burlap  on  tlie  sur- 
face of  the  concrete  as  soon  as  it  has  sufficiently  set  to 
bear  same,  without  marring  the  smrface  finish.  This 
is  kept  wet  continually  during  the  day's  run,  and  re- 
moved next  morning;  when  the  surface  should  be  cov- 
ered with  2  in.  of  earth  and  kept  wet  continually  for 
next  two  weeks.  Hair  checking  or  cracking  can  some- 
times be  eliminated  by  the  use  of  the  wet  burlap, 
placed  on  the  surface.  If  this  does  not  prevent  it, 
then  coarse  and  fine  aggregate  should  be  sprinkled  be- 
fore being  placed  in  the  mixer.  The  pavement,  after 
receiving  earth  covering  should  be  kept  wet  or  soaked 
for  14  days,  and  under  no  consideration  should  traffic 
be  permitted  on  the  pavement  within  less  than  21  days. 
■  Before  traffic  is  allowed  on  the  pavement,  all  joints 
and  cracks  should  be  sealed  with  tar  or  aspihalt.  Ap- 
plications should  be  poured  flush  witli  openings,  in 
narrow  widths  and  straight  lines.  Material  should 
only  extend  1  in.  on  each  side  of  joint  or  crack ;  after 
application,  the  material  shotild  be  covered  with  coarse 
sand. 

Shoulders   should    be   built   adjacent   to   the   pave- 


ment ill  accordance  with  plans  in  a  reasonable  time. 
They  should  be  built  of  such  material,  and  on  a  slope 
that  will  allow  water  to  flow  quickly  away  from  the 
pavement,  and  be  sufficienty  firm  to  protect  the  edges. 
In  order  to  insure  a  long  life  road,  side  ditches  having 
a  minimum  depth  of  9  in.  below  the  bottom  of  pave- 
ment should  be  constructed  throughout  the  entire 
length  of  pavement  and  small  outlet  trenches  or  drains 
in  the  shoulders  should  be  built  on  grades,  and  at  all 
low  points  in  vertical  curves  at  break  of  grade  to 
prevent  moisture  from  seeping  under  the  pavement. 
If  the  foundation  is  not  properly  drained,  cracks  will 
eventually  occur  in  the  surface,  which  will  cause  fail- 
ure of  the  pavement  in  time. 

Careful  and  competent  inspection  should  be  applied 
at  all  times  during  period  of  construction.  The  idea  of 
inspection  is  not  to  cause  annoyance  or  arguments 
with  the  contractor,  but  to  help  him  get  the  best  re- 
sults possible  by  watching  careless  employees  and  guard 
against  faulty  methods  and  the  use  of  materials  that 
would  be  detrimental  to  the  work.  Careful  surveys 
may  be  made,  and  specifications  and  plans  carefully 
prepared,  after  the  most  thorough  investigation  and 
study  of  conditions.  The  best  material  may  be  used, 
and  without  the  proper  combination  of  materials,  and 
careful  workmanship  at  all  times,  along  with  con- 
tinual, careful  inspection,  the  work  may  prove  to  be  a 
failure  in  due  time. 

Every  operation  in  the  construction  of  a  concrete 
pavement  is  an  important  one,  therefore,  attention 
should  be  given  to  all  the  details  of  construction.  These 
many  details  are  never  too  small,  for  the  moment  that 
we  become  lax  a  failure  in  the  pavement  will  surely 
result.  It  is  our  aim  to  get  the  best  and  smoothest 
riding  pavement  possible  and  this  we  have  not  as  yet 
attained.  The  design  and  construction  of  concrete 
roads  is  still  passing  througli  an  age  of  transition. 
It  still  demands  a  great  deal  of  study,  and  in  order  to 
L'et  the  maximum  results  from  our  efforts,  with  a  mini- 
mum of  expenditure,  we  must  follow  first  class  methods 
in  construction. 


MUCH  LOWER  BIDS  MADE  FOR 

CONSTRUCTION  OF  HARD  ROADS 

Early  bids  for  the  construction  of  federal  aid  roads 
indicate  that  prices  during  tlie  coming  season  will  be 
materially  lower  than  last  season,  according  to  reports 
received  by  the  Bureau  of  Public  Roads.  While  bids 
have  not  been  received  on  any  large  volume  of  work, 
there  is,  however,  enough  to  indicate  a  lower  level  of 
prices.  A 

Grading  has  been  bid  at  20,  23  and  30  ct.  a  cubic  * 
yard  in  Missouri,  Arkansas  and  Minnesota,  respective- 
ly, as  compared  with  an  average  of  35  ct.  for  the  sec- 
tion in  which  these  states  arc  located  in  1921. 

Prices  of  reinforcing  steel  in  place  range  around  6 
ct.  as  compared  with  the  1921  price  of  8  or  9  ct.  and 
bridge,  steel  at  4^  ct.  against  7  to  8  et. 
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A  few  bids,  for  the  best  grade  of  concrete,  of  about 
$17  a  cubic  yard  have  been  received  in  sections  wliere 
the  1921  price  was  about  $25  a  cubic  yard. 

Prices  bid  for  the  construction  of  concrete  roads  per 
square  yard  are  as  follows :  Ohio  $1.52,  Colorado  $2.27, 
and  Georgia  $1.38,  as  compared  with  an  average  for 
the  whole  country  during  the  period  1916-1920  of  $2.57 
a  square  yard. 


GOOD  ROADS  WILL  HELP  THE  FARMER 


Highway  Transportation  Committee  of  Recent  Na- 
tional Agricultural  Conference  Urges  Continua- 
tion of  Federal  Aid  Appropriations  to  Build  Mar- 
ket Roads. 

The  Highway  Transportation  Committee  of  the  Na- 
tional Agricultural  Conference,  held  in  Washington, 
D.  C,  on  Jan.  23  to  27,  filed  the  following  report : 

Country  highways  are  the  farmers'  first  and  prin- 
cipal transportation  means  of  marketing  their  prod- 
ucts. They  are  the  arteries  of  the  economic  and  so- 
cial system  of  the  country.  On  their  condition  rests 
the  amount  of  transportation,  charge  that  must  be 
added  to  the  gross  cost  of  farm  product  and  the  more 
fully  they  are  developed,  the  less  that  weather  con- 
ditions and  soil  are  allowed  to  clog  the  flow  of  traffic, 
the  greater  will  be  the  health  of  the  body  politic  and 
the  added  profusion  of  enjoyments  and  privileges  to 
the  common  i>eople. 

The  loss  from  bad  roads  should  be  reduced  to  a  min- 
imum, not  only  to  enlarge  the  farmer's  market  but  to 
shorten  the  time  and  reduce  the  spread  of  price  be- 
tween the  farmer  and  the  consumer. 

Th  farmer  ought  to  be  able  to  haul  to  market  twice 
as  much  twice  as  often  as  he  has  been  able  to  do  it  in 
the  past.  K  the  farmer  is  to  be  put  in  a  position  to 
help  influence  the  price  of  his  products  by  not  dump- 
ing them  on  the  market  for  fear  of  unseasonable  weath- 
er, he  must  control  the  condition  of  the  roads  to  his 
markets.  Without  proper  road  conditions  "orderly 
marketing"  can  never  be  accomplished.  Rapid  growth 
of  traffic  over  the  highways  has  been  so  greatly  inten- 
sified during  the  past  few  years  that  this  raetliod  of 
transportation  needs  earnest  and  careful  consideration. 
To  this  end  we  urge  the  closest  coordination  between 
the  three  major  forms  of  transportation  so  that  rail- 
ways, waterways  and  highways  may  each  carry  the  kind 
of  traffic  that  it  can  the  most  economically,  expeditious- 
ly and  efficiently  serve. 

We  commend  the  Department  of  Agriculture,  state 
highway  departments,  and  colleges  for  their  researcli 
in  connection  with  highway  construction,  maintenance, 
and  transport  over  the  highways,  and  urge  full  support 
be  given  these  investigations. 

We  approve  the  action  of  Congress  in  continuing  fed- 
eral aid  for  the  building  of  interstate,  postal,  and  farm- 
to-njjirket  highways  under  the  Department  of  Agricul- 


ture and  making  appropriation  therefor.  We  believe 
this  policy  to  be  equitable  and  constructive.  We  urge 
Congress  to  continue  this  policy  for  a  definite  period, 
so  that  the  states  may  plan  adequate  cooperation. 

We  call  particular  attention  of  federal  and  state 
authorities  to  the  growing  necessity  for  regulation  of 
traffic  on  highways  in  order  that  they  may  be  pro- 
tected from  excessive  and  destructive  abuse.  Research 
into  causes  of  highway  wear  should  be  continued  by 
the  Department  of  Agriculture  and  state  highway  de- 
partments and  traffic  regulated  according  to  the  facts 
developed. 

It  is  self-evident  that  farm  products  are  the  most 
cheaply  transported  over  well-kept  highways.  We, 
therefore,  urge  that  all  possible  safeguai-ds  should  be 
placed  about  the  maintenance  of  highways. 

Safety  of  life  and  limb  on  the  highways  is  para- 
mount, and  we  favor  every  effort  to  make  the  use  of 
streets  and  highways  less  dangerous  to  all  citizens. 

We  commend  the  Department  of  Agriculture  for  its 
policy  in  highway  improvement,  of  providing  roads 
suitable  for  horse-dravni  as  well  as  motorized  vehicles, 
and  urge  that  wherever  practicable  side  roads  be  con- 
structed adjacent  to  the  metal  surface  portion  of  the 
highway. 

Rapidly  changing  traffic  conditions  on  our  thorough- 
fares make  the  construction  and  maintenance  of  our 
highways  an  important  engineering  and  business  un- 
dertaking; therefore,  all  partisan  or  political  consid- 
eration must  fee  eliminated. 


CHEAP  TEAM  HIRE  ENCOURAGES 

WINTER  ROAD   CONSTRUCTION 

Prices  for  the  hire  of  teams  in  winter  offer  consid- 
erable inducement  for  carrying  on  certain  classes  of 
road  work  where  conditions  are  favorable  during  the 
winter  months,  according  to  figures  collected  by  the 
Bureau  of  Public  Roads  on  federal  aid  projects. 

In  January  and  February  teams  vdthout  drivers 
could  be  secured  at  28  ct.  an  hour  in  the  states  be- 
tween the  Ohio  and  Mississippi  Rivers ;  from  31  to  52 
ct.  an  hour  in  the  group  west  of  the  Mississippi,  from 
Kansas  and  Missouri  north  to  the  horder,  from  25  to 
35  ct.  an  hour  in  the  Mountain  States ;  and  around  42 
ct.  an  hour  in  the  group  composed  of  Texas,  Louisiana, 
Arkansas  and  Oklahoma,  where  considerable  work  was 
done. 

In  some  of  the  southern  states  road  work  can  pro- 
ceed throughout  the  year  without  serious  interruption, 
and  in  other  states  grading  and  hauling  of  materials 
can  be  done,  particularly  if  it  is  an  open  winter.  In 
the  states  of  the  northern  Mississippi  Valley,  a  good 
deal  of  gravel  road  has  been  built  in  recent  years  by 
hauling  the  gravel  over  the  frozen  roads,  dumping  it 
on  the  roads,  and  waiting  until  warm  weather  to  do 
the  finishing  work. 


214 


GOOD    ROADS 


April  12,  1922 


Road  Marking  and  Signing  in  Wisconsin 


By   N.  M.  ISABEIiLAt 


The  marking  and  signing  of  tlie  state  trunk  liighway 
system  has  done  more  for  Wisconsin's  reputation  as 
a  road  state  than  any  other  activity.  In  the  past  few 
years  we  have  built  several  hundred  miles  of  various 
types  of  road  but  have  not  received  any  comment  out 
of  the  ordinary  by  so  doing.  We  have  now  marked 
our  system  for  the  fourth  year  and  are  about  to  begin 
the  fifth  season  under  the  state  trunk  highway  law 
which  was  passed  in  1917.  We  have  received  compli- 
ments from  all  the  various  states  and  from  the  many 
hundreds  and  thousands  of  tourists  tliat  come  to  our' 
state  during  the  summer  mouths.  There  are  probably 
two  outstanding  reasons  why  Wisconsin  ranks  among 
the  first  in  this  matter  of  higlnvay  marking,  (1)  be- 
cause Wisconsin  was  undoubtedly  the  fii-st  state  in  the 
Union  to  adopt  a  uniform  system  of  marking  through 
the  state  and  (2)  because  Wisconsin  is  one  of  the  lead- 
ing tourist  states  in  the  Central  West,  and  due  to  this 
fact  that  many  out-of-state  people  come  to  this  state 
during  the  summer  months  they  have  been  able  to 
enjoy  their  vacations  by  traveling  about  our  state  with 
ease  and  comfort  due  largely  to  the  marking  of  our 
state  trunk  highway  system. 

We  believe  most  of  the  counties  have  received  let- 
ters such  as  we  receive  from  day  to  day  complimenting 
Wisconsin  on  its  maintenance  and  marking  systems. 
There  is  no  question  but  what  we  are  regarded  as  one 
of  the  leaders  from  the  standpoint  of  maintenance  and 
trunk  highway  marking.  Several  nearby  states  have 
already  adopted  systems  of  marking  and  maintenance, 
and  while  they  have  patterned  somewhat  after  Wis- 
consin, will  undoubtedly  develop  new  ideas  and  will 
give  us  considerable  competition  for  our  standing 
among  the  states  in  highway  work. 

As  stated  before,  we  are  entering  the  fifth  season  in 
which  we  have  marked  and  signed  our  trunk  highway 
system,  and  while  things  should  be  thoroughly  well  in 
:>and  and  worked  out  to  a  great  degree  of  refinement, 
we  find  that  several  of  the  counties  have  failed  to  keep 
up  their  marking.  They  have  thereby  left  a  weak  link 
in  the  chain,  as  an  old  saying  goes,  "A  chain  is  as 
strong  as  its  weakest  link."  the  natural  deduction 
would  then  be  that  our  marking  is  just  as  good  as  Ls 
onr  poorest  marked  county  in  the  state.  Some  of  the 
counties  have  gone  at  this  matter  of  marking  and  sign- 
ing in  a  good  business  like  way  and  have  .started  in 
ample  time  so  that  they  finished  their  markings  before 
the  beginning  of  the  tourist  season.  Others  have  let 
it  drag  along  and  have  paid  little  or  no  attention  to 
the  renewal  of  the  markers  in  their  counties  and  in 
■ome  cases  they  have  done  the  work  during  the  rush 
of  the  tourist  season,  thus  causing  a  great  deal   of 

•Paper  presented  at  Elerenth  Annual  Hoad  School  of 
the  WlMonsin   Highway  CommiMlon. 

tAaatatant  Maintenance  EnKlnf^r.  Wigcon«ln  Highway 
CommiMion. 


inconvenience  to  tiie  traveling  public  and  making  the 
work  cost  considerably  more  than  if  it  liad  been  done 
prior  to  or  after  the  tourist  season. 

We  have  also  noted  in  our  travels  about  the  state 
that  some  of  the  county  commissioners  and  the  patrol 
superintendents  have  been  out  trying  to  do  the  mark- 
ing in  their  counties.  We  do  not  believe  this  good 
business.  If  there  is  any  commissioner  in  tlie  state 
that  has  not  enough  work  outside  of  marking  and  sign- 
ing to  keep  him  busy,  that  county  should  not  have  a 
commissioner.  We  believe  that  the  Commissioner's 
time  can  be  devoted  to  things  other  than  actually  going 
out  and  mark  and  sign  the  highways  in  his  county. 
On  the  other  hand,  he  probably  cannot  do  it  as  quickly 
as  a  trained  painter. 

(a)  First  of  all,  white  bands  must  be  painted  on  the 
telephone  poles  and  on  culvert  end  walls  and  on  the 
ends  of  bridges  and  the  triangle  should  be  stenciled 
on  after  the  white  band  has  dried. 

(b)  The  plan  suggested  by  the  Highway  Commission 
in  regard  to  the  number  of  markers  is  this :  We  believe 
that  there  should  always  be  a  marker  in  sight  when 
driving  on  the  state  trunk  highways,  whether  it  be  on 
the  mile  post,  culvert  end  wall,  on  a  bridge  or  a  tele- 
phone pole  does  not  matter — just  so  that  a  marker  is 
visible  at  all  times. 

(c)  All  mile  posts  should  be  repainted. 

(d)  Many  of  our  old  direction  signs  will  have  to  be 
repainted,  due  to  the  fact  that  they  have  become  dirty 
and  the  painting  is  somewhat  obscure  on  them. 

(e)  There  should  be  sufficient  R's  and  L's  and  they 
should  be  placed  near  enough  to  the  turns  so  that  they 
are  plainly  visible  to  the  traveler. 

(f)  Posts  should  be  placed  at  the  ends  of  old  culverts 
and  should  be  painted  white  when  painting  the  guard 
rail  along  the  highway. 

(g)  All  detours  should  be  properly  marked  and 
should  have  more  markers  than  the  regular  tnink 
highway. 

(h)  We  should  have  danger  signs  near  all  railroad 
crossings,  at  bad  curves  and  at  bad  hills.  These  danger 
sign.s  should  be  placed  fairly  close  to  the  point  of 
danger;  that  is,  we  do  not  believe  that  they  should 
be  any  further  than  150  ft.  or  so  from  the  danger 
point. 

That  covera  briefly  the  main  points  to  be  looked  after 
in  this  matter  of  marking  and  signing. 

The  following  are  a  few  of  the  things  that  we  have 
noticed  in  traveling  over  the  highways  and  believe 
that  we  can  improve  upon  considerably: 

(a)  In  some  counties  the  white  bands  have  been 
painted  on  the  telephone  poles,  leaving  the  old  triangle 
of  the  previous  year  as  it  was,  thus  making  a  nice 
white  band  and  leaving  a  dark,  dirty  looking  triangle 
on  the  posts.     This  should  be  discontinued. 
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(b)  Again  in  some  of  the  other  counties,  instead  of 
painting  over  the  old  band,  they  have  placed  a  ne^v 
white  band  either  above  or  below  the  old  one  and 
have  left  the  old  one  as  it  was.  This  is  not  good  prac- 
tice. 

(c)  There  have  been  an  insufficient  number  of  mark- 
ers, especially  near  cross  roads,  and  the  R's  and  L's 
have  been  very  confusing  in  some  cases.  One  of  theso 
1  have  in  mind  is  where  a  left  turn  is  made  and  before 
coming  to  the  turn  the  letter  (L)  is  on  the  nearest 
pole  to  the  turn.  Then  after  you  make  the  turn  tht> 
first  pole  shows  the  letter  (L)  again.  On  the  op- 
posite side,  of  course,  it  has  the  letter  (R).  We  do 
not  believe  it  good  business  to  place  the  letter  L  or 
R  at  any  point  beyond  the  turn. 

(d)  We  have  noted  that  on  the  Patrolmen's  signs 
the  names  of  the  first  patrolmen  on  the  trunk  high- 
way system  still  remain  on  these  signs,  but  as  a  matter 
of  fact  there  have  been  two  or  three  patrolmen  on 
some  of  the  sections  since  the  original  one.  Also,  in 
one  or  two  cases  we  have  noted  that  the  commissioner  'a 
name  has  not  been  kept  up  to  date  on  the  county  line 
signs.  It  would  seem  that  a  comissioner  would  have 
pride  enough  to  have  this  matter  straightened  out  at 
least. 

(e)  In  gome  cases  where  one  trunk  highway  com- 
mences at  a  point  off  another  trunk  highway  it  seems 
to  be  the  practice  iii  some  counties  to  put  a  marker 
back  a  couple  or  three  hundred  feet  before  coming  to 
the  junction  of  the  two  trunk  highways,  indicating  that 

Trunk  Highway  No turns  left  or  right,  as 

the  case  may  be.  In  many  ca.ses  the  numbers  of  the 
trunk  highways  are  very  much  alike,  such  as  16  and 
18,  and  if  a'  driver  is  not  especially  cautious  he  will 
turn  left  on  the  highway  which  just  begins  at  the  in- 
tersection instead  of  going  on  the  highway  he  origi- 
nally intended  to  follow. 

(f)  Occasionally  we  have  had  an  opportunity  to 
visit  some  of  the  county  machinery  sheds  and  shops 
and  have  found  that  many  of  the  direction  signs  that 
were  sent  to  them  to  be  erected  have  not  been  erected 
to  date.     This  is  quite  an  expensive  proposition  to  have 

,  signs  already  paid  for  and  lying  idle  in  a  machine 
shed. 

(g)  There  has  been  a  tendency  to  be  somewhat  care- 
less in  the  care  of  mile  posts  and  direction  signs  during 
construction  work. 

(h)  In  one  case  last  summer  I  had  occasion  to  pass 
through  a  county  that  was  just  doing  its  marking  and 
found  that  the  stencils  on  the  entire  trunk  highway 
through  the  county  had  been  covered  up  by  the  new 
white  band  and  there  were  no  indications  to  tell  what 
trunk  highway  it  was.  We  believe  that  a  few  sten- 
cils should  be  left  here  and  there  so  that  the  traveler 
may  know  what  trunk  highway  he  is  traveling  on. 

(i)  In  some  eases  the  workmanship  has  been  very 
poor,  the  bands  having  been  put  on  in  a  very  ragged 
manner. 


1  wonder  if  it  has  ever  occurred  to  you  or  if  you 
have  ever  thought  whom  we  are  marking  the  system 
for.    If  we  study  the  situation  we  find  that  one  in 
about  every  eight  people  in  the  state  own  a  car.    They 
certainly  do  not  stay  around  their  home  circles  but 
travel  about  the  state  as  much  as  they  can  during  their 
vacation  periods.     We  have  also  a  second  class  that 
travels  our  highways,  namely,  the  tourists  from  other 
states.    It  has  been  said  by  some  of  the  men  connected 
with  highway  work  that  we  are  building  and  maintain- 
ing highways  for  people  of  other  states,  due  to  the 
fact  that  we  have  such  a  great  tourist  traffic  during 
the  summer,   and  that   this   marking  and  signing  is 
purely  for  the  tourist  traffic.     I  wonder  how  many  have 
stopi>ed  to  think  what  this  tourist  traffic  means  to  the 
state  of  Wisconsin.    Just  to  give  you  an  idea  of  what 
happens  in  this  state  during  the  summer  in  the  matter 
of  tourist  traffic,  I  will  give  you  the  following  figures : 
For  the  past  two  or  three  seasons  we  have  taken  traffic 
census  at  60  different  points  on  the  state  trunk  high- 
ways in  the  state.    During  the  season  of  1921  this  cen- 
sus was  taken  twice  a  month.    During  the  week  end  of 
July  4,  1921,  there  were  registered  at  these  60  differ- 
ent points  upward  of  15,000  foreign  cars.     We  may  as- 
sume that  there  were  a  few  duplications  but  we  can 
also  assume  that  there  were  several  hundreds  or  thou- 
sands of  foreigii  cars  which  we  did  not  count  at  all, 
and  we  believe  that  20,000  foreign  cars  on  that  date 
would  be  a  very  conservative  estimate.     The  average 
number  of  persons  per  vehicle  statistics  have  shown 
is  above  three,  thus  making  a  total  of  60,000  people, 
or  more  than  come  in  on  these  20,000  tourist  cars.     I 
believe  we  can  safely  assume  that  each  one  of  these 
cars  stayed  in  this  state  on  the  average  of  three  days, 
and  that  each  person  spent  $10  during  his  three-day 
stay  in  this  state.    That  would  amount  to  $600,000  of 
out-of-state  money  left  in  Wisconsin  during  a  period 
of  three  diays.     Is  this  not  a  business  that  is  worth 
catering  to?     Can  we  afford  to  disregard  this  class  of 
people?    We  certainly  can  not,  and  if  we  mark  and 
sign  our  system  for  no  one  else  but  for  the  tourist 
traffic,  we  would  be  amply  repaid  for  our  trouble  and 
expense.     The  cost  of  marking  the  system  in  1921  was 
approximately  $25,000.    Is  this  not  a  small  amount  of 
money  compared  to  the  money  left  here  by  the  tour- 
ists during  the  summer  months?    However,  our  local 
people  do  considerable  traveling  right  in  Wisconsin 
and  whatever  we  spend  in  the  matter  of  marking  and 
signing  is  a  very  small  item  compared  to  the   great 
comfort  and  satisfaction  the  two  and  one-half  million 
people  of  this  state  receive  in  traveling  over  our  state 
trunk  highway  system. 

County  Trunk  Markings 

The  Wisconsin  Highway  Commission  is  very  desir- 
ous of  cooperating  with  the  counties  to  the  end  that 
they  get  uniform  markings  on  their  county  trunk  sys- 
tems. The  counties  have  realized  that  marking  the 
state  trunk  highway  system  was  a  very  good  thing  and 


216 


GOOD    ROADS 


April  12,  1922 


have  now  adopted  a  system  within  their  counties.  There 
is  apt  to  be  confusion  in  the  markings  where  a  high- 
way leads  from  one  county  into  another  unless  there 
is  uniforuiity  in  the  marking,  and  we  are  at  the  pres- 
ent time  trj-ing  to  work  out  a  system  whereby  we  can 
show  the  roads  going  from  county  to  county  marked 
with  the  same  letter.  This  will  be  available  before 
the  marking  season  starts  and  if  there  are  any  ques- 
tions along  this  line  we  would  be  glad  to  hear  from 
you  on  that  matter. 

Deftonrs 
Detours  are  tiie  ncetssary  ivils  in  highway  trans- 
portation. There  are  many  places  where  the  travel 
may  drive  through  the  construction  work  but  there 
are  also  a  great  number  of  cases  where  travel  is  obliged 
to  detour.  In  detouring,  a  traveler  mixst  necessarily 
go  further  to  get  to  his  destination.  That  is  one  rea- 
son why  detours  should  be  marked  even  in  a  better 
manner  than  the  state  trunk  highways  are  marked. 
Before  any  road  is  closed  the  detour  should  be  prop- 
erly marked  and  proper  barricades  be  placed  at  the 
ends  of  the  construction  work.  By  proper  barricades 
I  do  not  mean  an  ordinary  saw  horse,  but  something 
that  is  firm  and  sometliing  that  will  attract  the  notice 
of  the  traveler  so  that  he  will  not  drive  through  the 
construction.  One  of  the  reasons  for  the  average  trav- 
eler going  astray  on  our  detours  is  attributed  to  the 
fact  that  detours  as  a  general  rule  are  not  in  as  good 
condition  as  are  the  regular  trunk  highways  and  for 
that  reason  the  driver  pins  his  eyes  on  the  road  rather 
than  looking  for  the  markers  and  thus  goes  astray. 
When  we  realize  that  we  are  making  the  traveling  pub- 
lic go  considerably  out  of  their  way  in  traveling  a  de- 
tour, we  should  make  up  for  it  in  having  a  well 
marked  and  well  mantained  detour.  I  have  in  mind 
a  stretch  of  road  that  was  closed  ihis  past  season  for 
5  mi.  and  which  necessitated  a  detour  of  a  little  over 
seven  miles.  The  highway  was  a  fairly  heavily  trav- 
eled one  and  was  closed  for  four  months,  or  120  days. 
The  average  traflRc  over  this  highway  during  the  sum- 
mer season  is  very  close  to  1,000  vehicles,  but  we  can 
aasome  800  for  a  conservative  figure.  The  detour  be- 
ing 2  mi.  longer  than  the  regular  road  and  the  road 
being  closed  for  120  days  and  the  road  having  a 
traffic  of  800  vehicles  per  day,  we  have  a  total  of  192,- 
000  mi.  of  extra  travel  whieJi  we  have  forced  upon  the 
road  users.  Figuring  that  it  costs  12  ct.  per  mile, 
that  detour  has  cost  the  traveling  public  $23,000,  say- 
ing nothing  about  the  extra  time  that  it  has  taken 
them  to  make  the  two  extra  miles.  The  cost  of  mark- 
ing such  a  detour  would  be  considerably  less  than  $100. 
Is  it  not  fair  to  the  traveling  public  that  we  spend 
this  small  sum  in  order  to  ofFset  the  additional  mile- 
age caused  by  the  detour  f 

Plans  Should  Be  Made  Early 
There  are  a  few  things  which  we   must  consider 
in  the  eloong  of  a  road  for  construction.    I^rst  of  all 
after  the  work  has  been  located  you  should  plan  your 


detours  well  in  advance  of  the  construction  season. 
In  other  words,  plan  them  now,  before  you  close  the 
trunk  highway,  li  the  detour  needs  any  improve- 
ment do  it  before  the  main  road  is  closed. 

I  have  mentioned  one  particular  detour  which  I  had 
in  mind  but  when  you  figure  that  there  are  upwards 
of  200  detours  on  the  state  trunk  highway  system  alone 
during  the  construction  season  this  matter  of  detours 
is  a  very  serious  one  and  a  thing  that  costs  the  travel- 
ing public  a  considerable  amount  of  money,  and  we 
have  to  meet  them  half  way  in  having  the  detours 
well  maintained  and  well  marked. 

Plans  for  1922 
We  are  going  to  insist  on  a  more  thorough  marking 
system  in  Wisconsin  t»his  year  than  ever  before.  There 
will  be  additional  direction  signs  to  be  placed,  also 
signs  at  the  intersections  of  state  trunk  highways  with 
county  trunk  highways.  There  will  also  be  signs 
placed  at  streams,  lakes,  parks,  springs,  camp  sites, 
etc.  There  has  been  a  great  demand  for  these  tyi^s 
of  signs  and  they  will  surely  be  appreciated  by  the 
users  of  the  highways.  As  mentioned  before  in  my 
talk,  a  great  many  of  our  present  direction  signs  will 
have  to  be  repainted  and  a  great  number  more  added 
to  the  system  at  various  places.  It  is  proposed  to 
let  a  contract  on  a  yearly  basis  to  some  painting  con- 
cern to  have  this  work  done.  The  plan  to  be  followed 
will  be  somewhat  like  this:  Where  a  sigii  must  be  re- 
newed, the  engineers  from  the  division  office  will  make 
a  sign  copy  and  send  it  to  the  painting  company  and 
they  in  turn  will  send  Che  new  sign  which  will  be 
erected  by  the  division  office.  The  one  main  reason 
for  having  one  company  handle  this  matter  of  paint- 
ing is  to  get  uniformity  in  the  work,  and  undlKibtedly 
will  be  much  simpler  to  handle  from  a  central  plant 
than  to  have  various  companies  tlirough  the  state  do 
the  work. 


INDIANA  COMMISSION  BECZIVES  MANY  BIDS 

The  large  number  of  persons  interested  in  the  re- 
cent letting  of  four  projects  in  Indiana,  totaling  about 
40  mi.  of  road,  forced  the  State  Highway  Commission 
to  use  the  Senate  Chamber  for  opening  the  bids.  At 
the  same  time,  one  hundred  bids  for  the  construction 
of  18  bridges  were  opened  and  a  number  of  bids  were 
presented  for  lubricating  oils -and  greases  and  700,000 
gals,  of  gasoline  and  kerosene. 


"DUMORITE"  MEETS  REQUIREMENTS  IN  FIELD 

Reports  from  various  parts  of  the  country  show  that 
"Dumorite,"  the  new  explosive  recently  put  on  the 
market  by  the  Du  Pont  Comi>any  is  effecting  reduc- 
tions in  blasting  costs  amounting  to  one-third  and  more. 
Statements  from  users  tend  to  show  that,  in  quarry, 
farm  blasting,  and  other  open  work,  the  new  dynamite 
is  living  up  to  the  statements  made  concerning  it  at 
the  time  it  was  developed. 
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EFFECT  OF  MOISTURE  ON  CONCRETE 

After  conducting  a  number  of  extensive  experiments 
on  the  effect  of  moisture  upon  the  expansion  and  con- 
traction of  plain  and  reinforced  concrete,  Torata  Mat- 
sumoto,  a  graduate  student  at  the  University  of  Illinois, 
draws  the  following  conclusions: 

1.  Concrete  expands  when  it  absorbs  moisture  and 
contracts  when  it  is  dried.  Concrete  of  a  1 :2 :4  mix- 
ture is  likely  to  contract  during  hardening  as  much  as 
0.05  per  cent  in  an  ordinary  structure. 

2.  Contraction  of  concrete  by  the  loss  of  moisture 
causes  stress  in  the  concrete  when  it  is  restrained  by 
an  external  force.  The  amount  of  this  stress  is  not 
as  small  as  is  generally  supposed. 

3.  The  shrinkage  stress  caused  in  the  steel  in  rein- 
forced concrete  may  reach  the  usually  accepted  work- 
ing stress  of  steel  when  the  amount  of  reinforcement 
is  less  than  1.5  per  cent. 

4.  The  shrinkage  stress  developed  in  1:2:4  concrete 
may  reach  the  ultimate  tensile  strength  of  the  concrete 
when  the  amount  of  reinforcement  is  greater  than  1.5 
per  cent.  "With  richer  mixtures  the  increase  in  shrink- 
age stress  may  be  relatively  greater  than  the  increase 
in  ultimate  strength. 

5.  The  greater  the  percentage  of  reinforcement  the 
greater  the  tensile  stress  that  may  develop  in  the  con- 
crete, and  concrete  having  a  higher  percentage  of  re- 
inforcement than  1.5  per  cent,  is  likely  to  have  cracks 
formed  unless  proper  provision  is  made. 

6.  In  reinforced  concrete  out  of  doors,  subject  to 
alternate  wet  and  dry  conditions,  cracks  may  readily 
be  formed  under  the  repeated  stress  which  is  nearly 
equal  to  the  tensile  strength  of  the  concrete. 

7.  Reinforced  concrete  does  not  appear  likely  to  be 
a  durable  material  in  a  place  where  a  corrosive  influ- 
ence on  steel,  such  as  sea  air,  is  active,  unless  proper 
protection  against  the  formation  of  shrinkage  cracks 
is  made. 

8.  It  is  suggested  that  the  prevention  of  shrinkage 
stress  in  concrete  might  be  accomplished  in  two  ways, 
either  by  finding  a  cement  giving  less  expansion  and 
contraction,  or  by  the  use  of  a  perfect  waterproofing 
treatment. 

9.  It  may  be  expected  that  an  integral  waterproofing 
compound  might  lessen  the  change  of  volume  for  a 
short  time,  but  it  would  not  prevent  the  final  diffusion 
of  moisture  with  consequent  change  in  volume. 


Commissioner  Sisson  of  the  New  York  State  High- 
way Department  has  requested  auto  truck  owners 
throughout  the  state  to  load  their  trucks  to  one-half 
of  their  rated  capacity  for  the  next  few  weeks  during 
which  the  improved  highways  will  he  undergoing  un- 
usual strain  due  to  frost  action  and  excessive  moisture. 


DATA  ON  ROAD  CONSTRUCTION 

TO  BE  PUT  IN  USABLE  FORM 

A  great  deal  of  valuable  data  on  highway  construc- 
tion are  soon  to  be  made  available  to  all  persons  con- 
nected with  highway  development  by  the  Bureau  of 
Public  Roads.  In  its  supervision  of  large  appropria- 
tions by  Congress  for  federal  aid  road  construction, 
the  bureau  has  assembled  complete  records  of  contract 
prices  for  all  types  of  roads  in  all  sections  of  the  coun- 
try since  1916.  In  addition,  engineers  of  the  bureau 
operating  in  each  of  the  48  states  report  monthly  on 
labor  and  material  used  on  jobs  inspected  by  them. 

To  put  this  information  in  the  most  usable  form 
statistical  machinery  has  been  installed  and  the  work 
so  arranged  that  a  small  force  can  make  available  a 
great  variety  of  information  at  a  small  pei'centage  of 
the  cost  of  such  work  when  done  by  hand.  The  data 
assembled  will  consist  of  monthly  reports  on  the  status 
of  federal  aid  work,  prices  paid  for  labor  and  con- 
tractors' bids  for  new  work  in  all  sections  of  the  coun- 
try. From  time  to  time  reports  covering  a  large  vol- 
ume of  work  will  be  made  on  costs  of  various  types 
of  surfacing  and  grading,  percentages  of  various  types 
of  roads  built,  proportion  of  total  cost  whicli  goes  into 
grading,  surfacing  and  other  items  of  construction,  to- 
gether with  any  other  information  for  which  there  may 
be  need. 


EIGHTEEN  STATES  TAX  GASOLINE 

Of  the  eleven  states  whose  legislatures  have  con- 
vened this  year  or  are  still  in  session,  four  have  enacted 
a  gasoline  tax.  They  are  Maryland,  Louisiana,  South 
Carolina  and  Mississippi.  Bills  for  a  gasoline  tax  are 
still  pending  in  Massachusetts  and  Rhode  Island.  In 
all  of  these  cases,  as  has  hitherto  been  the  custom,  the 
gasoline  tax  has  been  enacted  in  addition  to  the  cus- 
tomary motor  vehicle  registry  and  general  license  fees. 
The  gasoline  tax  in  these  four  states  is  one  cent  a 
gallon. 

These  recent  additions  give  a  total  of  eighteen  states 
in  the  Union  which  collect  fees  on  gasoline  purchased 
within  their  borders.  The  fourteen  which  had  the  law- 
last  year  are  Arizona,  Arkansas,  Colorado,  Connecti- 
cut, Florida,  Georgia,  Kentucky,  Montana,  New  Mex- 
ico, North  Carolina,  Oregon,  Pennsylvania,  South  Da- 
kota and  Washington.  The  rate  in  every  case  is  one 
cent  a  gallon,  except  in  Oregon,  where  the  fee  is  two 
cents.  A  gasoline  fee  bill  was  introduced  into  the 
recent  New  York  Legislature,  but  in  view  of  the  fact 
that  registry  fees  were  materially  increased  on  both 
passenger  cars  and  trucks  no  serious  effort  was  made 
to  pass  it. 


Erie  County,  Pennsylvania,  will  float  a  $3,000,000 
bond  is.sue  for  road  purposes,  according  to  a  resolu- 
tion just  passed  by  the  county  commissioners. 


The  Ohio  State  Highway  Commission  opened  bids  for 
the  construction  of  various  hard  surface  highways  at 
a  meeting  held  March  31,  when  it  received  figures  from 
approximately  500  bidders. 
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MEETINGS 

Calendar  of  Coming  Meetings 

May  12 — ^National  Highway  Traffic  Association — An- 
nual meeting,  Automobile  Club  of  America,  New  York 
City.  SeereUry,  Elmer  Thompson,  247  "West  54th  St., 
New  York  City. 

June  4-6 — American  Association  of  Engineers — ^An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary, 
C  E.  Drayer,  Chicago,  ill. 

June  13-16 — Canadian  Oood  Roads  Association — 
Ninth  annual  convention,  Victoria,  B.  C.  Secretary- 
treasurer,  George  A.  McNamee,  Birks  Bldg.,  Montreal, 
Canada. 

June  26-July  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engmeeis'  Club  Bldg.,  Phila- 
delphia, Pa. 

Oct.  9-13 — American  Society  for  Municipal  Improve- 
ments— Annual  convention,  Cleveland,  0.  Secretary, 
Charles  Carroll  Brown,  Valparaiso,  Ind. 


NATIONAL  HIGHWAY  TRAFFIC  ASSOCIATION 

The  annual  mei-thig  of  the  National  Highway  Traffic- 
Association  will  be  held  at  the  Automobile  Club  of 
America,  247  West  54th  Street,  New  Y'ork  City,  on 
Friday,  May  12.  The  afternoon  and  evening  sessions 
will  be  devoted  to  a  consideration  of  the  reports  com- 
mittees: 

Afternoon  Session,  2  p.  m. 

Report  of  National  Coniiuittee  on  "Uniform  High- 
way Signs,"  Cliainiian,  Filmer  Tliompson,  Secretary, 
Automobile  Club  of  America. 

Report  of  National  Committee  on  "Traffic  Capacity 
and  Widths  of  Highways  Outside  of  Municipalities," 
Chairman,  Hersohel  C.  Smith,  Assistant  Professor  of 
Highway  Engineering  and  Highway  Transport,  Uni- 
versity of  Michigan. 

Report  of  National  Committee  on  "Status  of  the 
Construction  of  Highway  Curves  and  Recomiriended 
Practice  to  Increase  Safety  to  Traffic,"  Chairman,  H. 
Eltinge  Breed,  Consulting  Highway  Engineer,  New 
York  City. 

Report  of  Executive  Committee  on  "Highway  Im- 
provement Creed"  of  the  National  Highway  Traffic 
Association.' 

Informal  Dinner,  6  p.  m. 

An  informal  dinner,  at  $1.50  per  cover,  will  be  served 
in  the  Grill  Room  of  the  Club  at  6  p.  m.  The  public 
n  cordially  invited  to  attend  the  dinner.  Reservations 
for  the  dinner  should  be  sent  to  Secretary,  Elmer 
Thompson. 

Evening  Session,  8  p.  m. 

Report  of  National  Committee  on  "Regulations  Gov- 


erning Speeds,  Weights  and  Dimensions  of  Motor 
Trucks  and  Trailers,"  Chairman,  George  H.  Pride,  Pres- 
ident, Heavy  Haulage  Company  of  New  York  City. 

Report  of  National  Committee  on  "License  Pees  and 
Motor  Vehicle  Taxation, ' '  Chairman,  Henry  G.  Shirley, 
Roads  and  Sanitary  Engineer,  Baltimore  County  Roads 
and  Sewerage  Department. 

Report  of  National  Committee  on  "Highway  Trans- 
port Franchises,"  Chairman,  F.  W.  Fenn,  Secretary, 
National  Motor  Truck  Committee,  National  Automo- 
bile Chamber  of  Commerce. 

Report  of  National  Committee  on  "Highway  Trans- 
port Clearing  Houses,"  Chairman,  Tom  Snyder,  Secret 
tary,  National  Association  of  Commercial  Haulers,  In- 
dianapolis. 

PERSONAL  MENTION 

R.  E.  Spear,  City  Engineer  and  Assistant  City  Man- 
ager, Ambridge,  Pa.,  has  resigned. 

George  L.  Burton  has  been  re-elected  chairman  of 
tlie  New  Jersey  8tate  Highway  Commission. 

John  W.  Reid  has  been  appointed  city  engineer  of 
Detroit,  Mich.,  succeeding  Clarence  W.  Hubbell,  re- 
signed. 


STATEMENT    OF    THE    OWNERSHIP,    MANAGEMENT,    CIRCU- 
LATION,   ETC.,    REQUIRED    BY    THE    ACT    OF    CONGRESS 
OF    AUGUST   24.    1912,    of   "GOOD    ROADS,"    published    weekly 
at    New   York,    N.   Y.,   for   April    1,    1922. 
.State  of  New  York.  County  of  New  York,  ss: 

Before  me,  a  Notary  In  and  for  the  state  and  county  aforesaid, 
personally  appeared  P.  W.  Baker,  who.  having  been  duly  sworn 
according  to  law,  deposes  and  says  that  he  Is  the  Busine.ss  Man- 
ager of  "Good  Koads,"  and  that  the  following  is,  to  tihe  best  of 
his  knowledge  and  beilief,  a  true  statement  of  the  ownersihip,  man- 
agement (and  if  a  daily  paper,  the  circulation),  etc.,  of  the  afore- 
said publication  for  the  date  shown  in  the  above  caption,  required 
by  tJie  Act  of  August  24,  1912,  emlDodied  in  section  443,  Postal 
L.aws  and  Regulations,  printed  on  the  reverse  of  this  form,  to  wit: 

1.  That  the  names  and  addresses  of  the  publisher,  editor,  man- 
aging editor,   and   business   managers  are; 

Publisher — The  E.  L.  Powers  Oo.  (Inc.),  11  Waverly  Place, 
New  York.  N.  Y.        ' 

Editor— E.   I>.    Powers.   11  Waverly  Place,   New  York.   N.  Y. 

Managing  Editor — C.  A.  Lewis,  11  Waverly  Place,  New  York, 
N.  Y. 

jBusiness  Manager — F.  W.  Baker,  11  Waverly  Place,  Now  York, 
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Concrete  Roads 
must  be  Reinforced 

It  is  demonstrated  beyond  doubt  that  to 
make  concrete  roads  proof  against  heavy  motor 
traffic,  weather  and  time  a  fabric  of  steel 
must  be  incorporated   in  the  concrete. 

Several  great  States  have  so  ruled. 

American 
Steel  and  Wire  Company's 

Concrete 
Reinforcement 

Fulfills    Every    Engineering    Requirement 

Send  for  our  book  on  road  building 
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PITTSBURGH  DENVER 


HEATER  and  DISTRIBUTOR 

will  heat  and  apply  all  varieties  of  bituminous  products 

now    in    use    for    road    construction    and    maintenance. 
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ConcrfU  Pasxment.  Trny,  N.  Y. 
Hard-n-lytt  Road  Tr/altmnl  uucl. 


Do  you  realize  what  30%  longer  life 

means  on  the  concrete  roads  you  build? 

Read  this  hook  and  find  out! 


Just  think  of  it !  Concrete  that  stands  the  crunching 
ennd  of  traffic  30''7  better!  Concrete  that  stands  up 
30'"f  longer  under  the  constant  gnawing  of  the  ele- 
ments! The  abihty  to  give  the  taxpayers  a  road 
like  that  adds  something  to  a  man's  reputation. 

But  that  isn't  all.  Hard-n-tyte  reduces  the  problem 
of  maintenance  to  almost  nothing.  When  Hard-n- 
tyte  goes  on  a  concrete  road,  your  worries  about 
soft  spots,  ruts  or  crumbling  stop!  The  weather- 
proof silicates  and  fluorides  formed  by  flushing  the 


Hard-n-tyte  solution  over  the  road,  produce  a  flint- 
hard  surface  that  will  stand  up  under  the  hardest 
kind  of  traffic  for  many  years  to  come. 

But  all  the  things  you  want  to  know  about  lengthen- 
ing the  life  of  concrete  can't  be  told  here,  so  send  in 
the  coupon  below  for  your  copy  of  the  booklet, 
"Hard-n-tyte  Highways."  Send  for  it  today — it 
tells  the  whole  story. 

General  Cliemical  Company 

1708  Broad  Kxchange  Building,  New  York  City 


—makes  concrete  roads  wear  longer 


Kor  over  twenty  years  the  General  Chemical  Company  has 
been  at  the  forefront  of  chemical  research  and  manu- 
facture in  this  country.  Hard-n-tyte  is  the  latest  contribution 
of  its  splendid  staff  of  chemists.  It  is  the  successful  result  of 
long  search  for  a  concrete  hardener  that  reallv  hardens  the 
surface  and  materially  increases  its  life.  It  enables  ePKini-crs 
and  contractors  to  deliver  a  quality  of  concrete  work  far  in 
advance  of  anything  that  has  been  possible  heretofore. 


(iKNIRAI.  CHEM^CA1.  Co., 

1708  Broad  Kxchange  Bldg., 
New  York. 
Please  send  me  a  copy  of  "Hard-n-tyte  Highways." 


Name. .  . 

Address, 
City .  .  .  . 
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State. 

Mail  this  Coupon  to  us  NOW  I 
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The  Selection  and  Proportioning  of  Sands  for 
Sheet  Asphalt  Paving  Mixtures* 

By   PREVOST 

Control  of  the  character  and  grading  of  sand  used 
in  the  preparation  of  wearing  course  mixtures  is  a 
very  important  factor  in  the  construction  of  sheet  as- 
phalt pavements.  Ordinarily  sand  constitutes  from  70 
to  80  per  cent  of  the  weight  of  such  mixtures  and  under 
compression  during  construction  the  sand  grains  are 
crowded  together  so  as  to  form  the  skeleton  structure 
or  frame  work  of  the  wearing  course.  These  grains 
take  most  of  the  wear  of  traffic  and  should  therefore 
be  of  hard  sound  material,  such  as  quartz.  They  should 
also  be  clean  and  free  from  coatings  of  any  sort  and 
preferably  rough  surfaced  so  that  the  asphalt  cement 
will  adhere  firmly  to  them.  With  regard  to  the  actual 
size  and  grading  of  the  sand  grains  best  suited  for 
such  work  much  more  has  been  learned  from  experi- 
ence than  from  theory.  Theory  and  practice  however 
agree  on'  the  desirability  of  using  sand  with  rela- 
tively low  percentage  of  voids  when  the  grains  are 
in  intimate  contact.  Experience  has  shown  that  when 
certain  grading  requirements  are  met  the  percentage 
of  voids  may  be  kept  within  satisfactory  limits  with- 
out sacrificing  other  necessary  characteristics,  such  as 
ability  to  carry  mineral  filler.  Such  requirements  are 
therefore  usually  included  in  specifications. 

The  presence  of  an  appreciable  amount  of  grains 
coarser  than  10  mesh  brings  the  mixture  into  another 
class  of  construction  known  as  asphaltic  concrete  which 
will  not  be  considered  in  this  article.  Sand  grains  pass- 
ing the  200  mesh  sieve  are  considered  undesirable  be- 
cause they  tend  to  produce  a  mushy  mixture,  and 
limestone  dust  or  Portland  cement  are  preferentially 
used  to  supply  all  of  the  very  fine  mineral  matter 
which  is  necessary  to  fill  the  tiny  voids  in  the  sand 
aggregate.  The  first  requirement  is  therefore  that  the 
sand,  shall  all  pass  the  10  mesh  sieve  and  the  second 
that  not  more  than  5  per  cent  shall  pass  the  200  mesh 
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sieve.  The  first  requirement  can  be  met  without  diffi- 
culty even  if  the  original  product  has  some  material 
larger  than  10  mesh,  by  passing  it  over  a  revolving 
screen,  with  openings  of  suitable  size,  which  is  located 
over  the  storage  bins  of  the  paving  plant.  If  the 
second  requirement  is  met  nearly  all  of  the  material 
passing  a  200  mesh  sieve  will  be  blown  out  of  the  sand 
during  its  passage  through  the  drier  so  that  for  all 
practical  purposes  the  sand  specified  may  actually  be 
considered  as  all  passing  the  10  mesh  and  retained  on 
the  200  mesh  sieve. 

Having  quite  definite  maximum  and  minimum  limits 
for  the  sand  as  a  whole  it  is  also  most  convenient  in 
paving  work  to  calculate  the  relative  weights  of  the 
various  size  grains  upon  a  percentage  basis  which  will 
show  a  total  of  100  per  cent  passing  the  10  mesh  and 
retained  on  the  200  mesh  sieve.  Standard  sieves  are 
used  for  this  purpose,  10,  20,  30,  40,  50,  80  and  100 
mesh,  and  each  percentage  calculated  represents  a  size 
which  passes  one  sieve  but  is  retained  upon  the  next 
smaller  sieve.  There  are  therefore  seven  such  individ- 
ual sizes  the  allowable  percentage  limits  of  which  are 
included  in  paving  specifications.  The  following  table 
shows  the  limits  taken  from  specifications  of  the  As- 
phalt Association,  which  are  typical  of  good  practice. 

Sand  Grading  for  Sheet  Asphalt 


Per 

cent 

Retained 

Individual 

Group 

Passing 

on 

Sizes 

Sizes 

10  mesh 

20  mesh 

3  to  15 

Coarse 

20  mesh 

30  mesh 

4  to  15 

14  to  50 

30  mesh 

40  mesh 

5  to  25 

40  mesh 

50  mesh 

5  to  30 

Intermediate 
30  to  60 

50  mesh 

80  mesh 

5  to  40 

80  mesh 

100  mesh 

6  to  20 

Pine 
16  to  40 

100  mesh 

200  mesh 

10  to  25 

*  Paper  presented  at  annual  convention  of  the  American 
"Road    Builders'   Association. 

tChemlcal   Engineer,   The   Asphalt   Association. 


The  Three  Group  Method  of  Grading 

In  this  table  it  is  seen  that  besides  the  limits  for 
each  individual  size  the  sand  grains  are  divided  into 


220 


GOOD     ROADS 


April  19,  1922 


three  main  groups  which  may  be  designated  as  coarse, 
intermediate  and  fine.  The  coarse  group  consisting  of 
10,  20  and  30  mesh  particles  all  of  which  are  retained 
on  the  40  mesh  sieve,  is  allowed  to  vary  between  14 
and  50  per  cent.  Taking  an  average  of  32  per  cent 
an  approach  toward  the  minimum  limit  is  desirable 
for  heavy  traffic  which  tends  to  crush  the  large  grains 
more  readily  than  the  fine.  For  relatively  light  traf- 
fic however  a  higher  percentage  of  coarse  grains  is 
not  only  permissible  but  will  produce  a  mixture  less 
likely  to  craek  by  contraction  owing  to  the  thicker 
films  of  asplialt  cement  which  it  carries.  Under  heavy 
traffic  any  tendency  to  crack  is  largely  overcome  by 
the  kneading  action  of  the  traffic  itself. 

Tiie  fine  group,  consisting  of  80  and  100  mesh  par- 
ticles which  are  retained  on  the  200  mesh  sieve,  serves 
to  fill  tiie  large  voids  in  the  combination  of  coarse 
and  intermediate  groups  and  enables  the  mixture  to 
hold,  evenly  dispersed,  the  mineral  filler  which  is 
needed  to  fill  the  very  smalt  voids  and  give  stability  to 
the  pavement.  When  the  percentage  of  coarse  group 
is  relatively  high  the  percentage  of  fine  may  be  rela- 
tively low  and  vice  versa. 

The  intermediate  group,  consisting  of  40  and  50 
mesh  particles  which  are  retained  on  the  80  mesh 
sieve,  appears  to  serve  somewhat  as  a  pivot  foi^  the 
coarse  and  fine  groups.  An  average  of  about  45  per 
cent  will  serve  equally  well  for  use  in  light  and  heavy 
traffic  mixes.  In  the  former  however  the  sand  may 
carry  as  liigh  as  60  per  cent  and  the  latter  as  low  as 
30  per  cent  of  the  intermediate  group. 

When  the  fact  that  a  certain  amount  of  each  in- 
dividual size  is  specified  it  is  seen  that  the  percentage 
limits  for  each  size  are  quite  broad.  As  a  matter  of 
fact  if  in  each  group  the  individual  sizes  are  about 
equally  proportioned  a  very  satisfactory  grading  re- 
sults. The  group  percentages  are  therefore  the  most 
important  and  are  first  considered  when  selecting  sand 
for  sheet  asphalt  construction. 

The  use  of  local  sand  for  paving  work  is  desirable 
not  only  from  the  8tandf)oint  of  convenience  but  as  n 
matter  of  economy.  As  has  been  stated  sand  con- 
stitutes from  70  to  80  per  cent,  by  wieght  of  the  pav- 
ing mixture  and  a  high  freight  rate  on  this  constitu- 
ent greatly  affects  the  cost  of  the  finished  pavement. 
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it  frequently  happens,  however,  that  no  single  local 
sand  can  be  found  which  meets  specification  require- 
ments and  when  this  happens  it  may  become  necessary 
to  mix  or  combine  two  or  more  available  sands  of 
known  mesh  composition  in  order  to  produce  an  accep- 
table product.  In  such  a  ease  it  becomes  necessary 
to  ascertain  in  what  proportions  the  sands  should  be 
used  to  give  the  desired  grading.  This  is  ordinarily 
done  by  a  tryout  method  or  by  a  Icngtliy  but  simple 
mathematical  calculation.  The  fact  that  there  are 
three  main  groups  to  be  considered  and  that  the  sum 
of  these  groups  equals  100  per  cent,  makes  it  possible 
to  utilize  the  triaxial  diagram  for  quickly  and  accurate- 
ly ascertaining  the  most  suitable  proportions,  although 
to  the  best  of  the  writer's  knowledge  the  diagram  has 
not  heretofore  been  used  for  this  purpose. 

The  Triaxial  Diagram 

For  those  who  are  not  familiar  with  the  triaxial 
diagram  it  may  be  said  that  it  consists  essentially  of 
an  isosceles  triangle  in  which,  as  is  well  known,  the 
perpendicular  distance  from  each  base  to  its  opposite 
apex  is  equal.  These  perpendicular  distances  may 
therefore  serve  to  represent  100  per  cent,  of  any- 
thing that  the  base  lines  stands  for.  The  perpendicular 
distances  may  be  divided  in  any  convenient  way  such 
as  hundredths  and  if  lines  are  drawn  through  such 
divisions  parallel  to  the  base  lines  the  large  triangle 
is  divided  into  a  large  number  of  small  isosceles  tri- 
angles as  shown  in  the  accompanying  illustrations.  It 
is  a  simple  geometrical  proposition  to  prove  that  for 
any  point  within  the  area  of  an  isosceles  triangle,  the 
sum  of  the  perpendicular  distances  to  each  side  is 
equal  to  the  perpendicular  distance  from;  any  side 
to  its  opposite  apex.  If  the  distance  from  base  to  apex 
represents  100  per  cent,  it  is  evident  that  the  sum  of 
the  perpendicular  distances  from  a  point  within  the 
triangle  to  each  side  must  also  equal  100  per  cent. 
When  there  are  only  three  constituents  of  a  substance 
it  therefore  becomes  possible  to  plot  the  percentage 
composition  of  each  constituent  by  means  of  a  proper- 
ly located  point  within  the  triangle. 

In  Fig.  1  each  side  of  the  large  triangle  serves  as  a 
base  line  for  one  of  the  three  groups  of  sand  grains 
previously  discussed.     The  distance  between  each  side 
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and  its  opposite  apex  is  divided  into  50  equal  spaces  by 
lilies  parallel  to  the  base  line  and  the  distance  between 
each  line  and  its  neighbor  therefore  represents  2  pei' 
cent.  Within  the  area  of  the  triangle  the  two  dots 
surrounded  by  circles  represent  the  composition  of 
ideal  sands  for  light  and  heavy  traffic  which  conforra 
to  the  following  grading  in  so  far  as  the  three  group 
sizes  are  concerned. 


Heavy  Traffic 

Per  Cent 

23 

43 

34 


Light  Traffic 
Passing  Per  Cent 

10,   20,   30   mesi  35 

40,   50   mesh  •  45 

80,  100  mesh  20 

The  dotted  lines  connecting  the  light  traffic  and 
with  the  three  sides  of  the  triangle  illustrate  how  the 
position  of  the  sand  has  been  located  to  show  the  per- 
centage composition  given  above.  Fig.  2  is  exactly 
the  same  as  Fig.  1  except  that  the  dotted  lines  have 
been  left  out  and  a  sliaded  area  inserted  to  represent 
the  percentage  limitations  for  the  three  groups  as  cov- 
ered by  the  specification  requirements  given  in  the 
first  table.  It  is  at  once  evident  that  any  sand  which 
conforms  with  the  specification  limits  will  fall  within 
this  shaded  area  if  its  percentage  composition  is  plotted. 
On  the  other  hand  if  the  sand  lies  outside  of  the 
shaded  area  it  does  not  conform  with  the  specifications 
and  should  only  be  used  in  combination  with  some 
other  sand. 

Problem  1. — Use  of  the  Triaxial  Diagitun  in  Propor- 
tioning- Two  Sands 
Suppose  two  sands,  "a"  and  "b"  are  available 
neither  of  which  meet  specification  requirements  and 
it  is  desired  to  ascertain  if  these  sands  :nay  be  com- 
bined so  as  to  conform  with  specifications  and  if  so 
the  most  suitable  proportions  in  which  they  should  be 
combined.  For  the  sake  of  illustration  it  may  be  as- 
sumed that  these  sands  show  the  following  grading. 

Per  Cent 
Group  A  B 

Passing   10,   20,    30   mesh  60  8 

Passing   40,   50   mesh  31  51 

Passing   80,   100   mesh  9  41 

Total  100        100 

If  these  two  sands  are  plotted  on  the  diagram  it  is 
found  that  their  locations  as  shown  by  points  "a" 
and  "  b "  respectively  in  Fig.  3  lie  outside  of  the  speci- 
fication area.  The  grading  of  all  possible  combinations 
of  these  two  sands  is  then  illustrated  by  means  of  a 
straight  line  drawn  between  these  two  points.  If  their 
locations  had  been  such  that  the  connecting  line  did 
not  cut  the  specification  area  it  would  have  been  im- 
possible to  combine  them  in  any  proportions  so  as  to 
meet  specification  requirements.  In  the  example  given, 
however,  it  is  seen  that  the  connecting  line  passes 
through  the  specification  area  and  that  a  rather  wide 
range  of  combinations  will  prove  satisfactory.  It  is 
therefore  possible  to  so  proportion  the  sands  as  to  ob- 
tain a  grading  at  any  point  on  the  connecting  line 
within  the  specification  area.  If  for  example  it  is  de- 
sired to  produce  a  grading  as  close  as  possible  to  the 


ideal  heavy  traffic  sand  the  location  of  such  grading 

would  be  indicated  on  the  diagram  at  point  "c",  the 

actual  grading  of  this  combination  being  as  follows: 

Passing  10,  20,  30  mesh  23  per  cent 

Passing  40,   50   mesh  45  per  cent 

Passing  80,   100  mesh  32  per  cent 


100 
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The  portions  required  to  produce  this  grading  is, 
moreover,  directly  indicated  by  the  relative  distances 
to  point  "  c  "  to  points  "  a  "  and  "  b. "  Thus,  if  the  dis- 
tance from  "c"  to  "a"  is  twice  the  distance  from 
"c"  to  "b"  then  two  parts  of  sand  "a"  to  one  part 
of  sand  "b"  will  give  the  grading  shown  by  point  "c. " 
The  exact  proportions  may  be  quickly  and  conveniently 
ascertained  by  first  drawing  parallel  lines  through 
points  "a,"  "b"  and  "c."  In  doing  this  any  conveni- 
ent base  line  of  the  diagram  may  be  used  as  a  guide.  In 
Fig.  3  the  10,  20,  39  mesh  base  line  has  been  used  for 
this  purpose  but  either  of  the  other  base  lines  would 
have  served  equally  as  well  although  it  is  desirable 
to  have  the  parallel  lines  as  far  apart  as  practicable. 
As  the  lines  which  were  drawn  are  parallel  it  follows 
that  the  relative  distances  between  them  are  exactly 
the  same  as  the  relative  distances  between  points  "a," 
"b"  and  "c"  through  which  thy  pass.  These  lines 
may,  therefore,  be  used  equally  well  to  determine  ex- 
act proportions. 

If  we  now  forget  the  diagram  itself,  it  will  be  found 
that  four  lines  have 
been  plotted  as 
shown  in  Fig.  4.  By 
means  of  a  special 
proportional  parts 
measure  also  shown 
in  the  figure  it  be- 
comes possible  to 
read  off  at  once  the 
exact  proportion  in 
which  sands  "a"  and 
"b"  should  be  com- 
bined to  produce  the  grading  represented  by  "c. " 
It  will  be'  noted  that  the  two  end  divisions  on 
this  measure  are  lettered  A  and  B,  respectively.  In 
using  the  measure  division  A  should  first  be  placed  at 
any  suitable  place  on  the  solid  line  passing  through 
point  "a"  and  then  rotated  until  division  B  rests  on 
the  solid  line  passing  through  point  "b."  It  is  seen 
that  the  solid  line  passing  through  point  "c"  inter- 
sects the  measure  at  a  division  which  shows  the  pro- 
portional parts  in  columns  A  and  B  to  be  7  and  17 
respectively.  In  other  words  7  parts  of  sand  "a" 
and  17  parts  of  sand  "b"  will  give  the  grading  of 
the  combination  represented  by  point  "c." 

Problem  II. — Use  of  the  Triaxial  Diagram  in  Propor- 
tioning Three  Sands 
If  the  use  of  the  triaxial  diagram  for  proportioning 
two  sands  is  thoroughly  understood  its  use  in  pro- 
portioning three  sands  becomes  a  very  simple  matter. 


FIG.  4 
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In  the  following  exauiple  it  will  therefore  be  assumed 
that  the  reader  has  mastered  Problem  L 

Suppose  three  sands,  "a,"  "b"  and  "V  "  are  avail- 
able no  two  of  which  can  be  combined  to  meet  speci- 
fication requirements,  and  it  is  desired  to  ascertain  if 
the  three  sands  may  be  combined  so  as  to  conform  with 
specifications  and  if  so  the  most  suitable  proportion 
to  use.  As  an  illustration,  it  may  be  assumed  that 
these  sands  show  the  following  grading. 


Per  Cent 

Group 

a 

b         b' 

Passing   10,  20,  30  mesh 

74 

2          18 

Psasing  40,  50  mesh 

23 

80            8 

Passing  80,   100  mesh 

3 

19          74 

ToUl  100        100        100 

The  location  of  these  three  sands  in  the  triaxial  dia- 
giam  is  shown  at  points  "a,"  "b"  and  "b'  "  in  Fig. 
5.  It  is  seen  that  none  of  the  lines  connecting  these 
points  pass  through  the  specification  area  so  that  no 
two  sands  can  De  combined  so  as  to  meet  the  specifica- 
tions. By  combining  sands  "a"  and  "b,"  however, 
and  grading  may  be  obtained  on  line  2,  "b"  and  if 
all  such  possible  mixtures  of  "a"  and  "b"  are  con- 
sidered it  is  further  seen  that  sand  "  b '  "  may  be  com- 
bined with  such  mixtures  so  as  to  produce  all  gradings 
falling  within  triangle  "a,"  "b"  and  "b'."  As  the 
specification  area  falls  within  this  triangle  it  is  there- 
fore possible  to  combine  the  three  sands  so  as  to  ob- 
tain any  desired  grading  within  the  specification  area. 
Now  suppose  it  is  desired  to  obtain  the  ideal  heavy 
trafiSc  grading  in  the  specification  area  wc  may  draw 
a  line  from  point  "b'  "  through  the  ideal  heavy  traffic 
grading  and  continue  it  until  it  intersects  line  "a-b." 
The  point  of  intersection  may  be  lettered  "c."  The 
determination  of  the  proportions  of  sands  "a"  and 
"b"  to  produce  "c"  may  be  readily  determined  as 
described  under  Problem  I.  and  if  this  mixture  is 
then  considered  as  a  single  product  the  proportions  of 
this  mixture  is  then  considered  as  a  single  mixture 
with  sand  "b'  "  which  will  give  the  ideal  heavy  traf- 
fic mixture  may  be  determined  in  a  similar  manner. 
F^g.  6  illustrates  the  preliminary  steps  Tiecessary  to 
determine  these  proportions  with  one  set  of  parallel 
lines  drawn  through  points  "a,"  "b"  and  "c"  and 
second  set  of  parallel  lines  drawn  through  "c,"  "b'  " 


and  the  ideal  grading.  Fig.  7  shows  these  parallel 
lines  with  the  diagram  eliminated  the  lines  being  let- 
tered (a),  (b),  (c),  (a'),  (b'),  and  (c').  Now  suppose 
the  proportional  parts  measure  shows  that  one  part 
of  "  a "  and  two  parts  of  "  b  "  will  produce  "  c. "  Fur- 
ther supose  it  is  found  by  using  the  measure  that  two 
parts  of  this  mixture  now  called  sand  "a'  "  and  one 
part  oi"  sand  "b'  "  will  give  the  ideal  grading  now 
called  "c'."  The  direct  proportions  of  sands  "a," 
"b"  and  "b'  "  would  be  obtained  by  multiplying  the 
parts  of  "a"  and  "b"  by  the  parts  of  "a'  "  and  mul- 
tiplying the  parts  of  "'b'  "  by  the  sum  of  the  parts  of 
•a"  and"b,"  as  follows: 

Parts  Direct  Proportions 

a     1  :  a     1  X  2          2 

a  2              : 

b     2  :  b     2  X  2          4 


Total 


b' 


b'    3x1 


9 


Total 

The  Proportional  Parts  Measure 

For  use  with  the  triaxial  diagram  a  proportional 
parts  measure  may  be  devised  with  any  convenient 
scale  of  divisions.  For  most  purposes  the  "a"  scale 
f.iiowing  all  common  proportions  not  exceeding  a  total 
of  12  parts  to  the  mixture  Avill  be  satisfactory.  For 
the  sake  of  convenience  when  actually  mixing  sands 
it  is  desirable  to  have  as  few  total  parts  as  possible 
and  it  will  often  be  found  that  without  creating  much 
change  in  the  grading  of  a  mixture  one  set  of  propor- 
tions may  be  as  good  as  another.  In  such  cases  the 
simplest  proportions  should  be  selected.  Thus,  if  Fig. 
4  while  the  exact  proportions  of  sands  "a"  and  "b" 
are  shown  as  7  to  17  respectively  it  is  seen  that  the 
more  simple  proportions  of  1  to  2  or  1  to  3  are  quite 
close.  Reference  to  Fig.  3  will  further  show  that  either 
of  these  simple  proportions  is  sufficiently  close  to  the 
desired  grading  to  be  adopted  as  a  matter  of  con- 
venience. 

It  should  always  be  remembered  that  the  triaxial  dia- 
gram takes  into  account  only  the  three  sand  groups 
and  that  the  intermediate  gradings  are  also  covered  in 
specifications.  After  it  has  been  used  therefore  the 
individual  gradings  should  be  calculated  on  the  basis 
of  the  proportions  which  have  been  indicated  in  order 
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to  ascertain  if  sacli  proportions  will  be  entirely  satis- 
factory. If  -not  a  slight  change  in  indicated  propor- 
tions will  often  be  found  to  bring  the  mixture  within 
specification  limits  in  all  respects.  Of  course  if  any 
individual  size  is  missing  in  all  of  the  sands  the  speci- 
fications cannot  be  met  but  this  would  be  a  rare  excep- 
tion and  in  most  eases  the  proportions  determined  form 
the  group  gradings  alone  will  be  found  satisfactory. 

Field  and  Plant  Use  of  the  Triaxial  Oiagrajn 
A  triaxial  diagram  with  a  transparent  cover  of  cellu- 
loid or  tracing  cloth  which  may  be  carried  in  an  or- 
dinary coat  pocket  will  often  prove  a  considerable 
time  and  labor-saving  device  for  the  contractor,  in- 
spector and  engineer  both  when  prospecting  for  avail- 
able sands  and  in  setting  proportions  for  use  at  the 


paving  plant.  The  transparent  cover  may  be  used  for 
plotting  the  sand  gradings  and  drawing  the  lines,  for 
use  with  the  proportional  parts  measure,  and  when  one 
set  of  determinations  has  been  made  all  marks  may 
be  erased  and  the  cover  used  over  and  over  again. 

If  when  prospecting  for  sands,  a  portable  field  outfit 
consisting  of  a  small  spring  balance  and  set  of  four 
sieves  (10,  40,  80  and  200  mesh)  is  used,  the  triaxial 
diagram  will  quickly  show  when  suitable  products  have 
been  located.  To  those  who  have  not  been  familiar 
with  the  triaxial  diagram  methods  here  described  may 
at  first  seem  somewhat  complicated  but  with  very  little 
practice  it  will  soon  be  found  that  its  use  is  a  very 
simple  matter  and  much  less  tedious  and  complicated 
than  any  method  of  mathematical  computation. 


Highway  Researches  and  What  the  Results 

Indicate* 


By  A.   T.   GOLDBECKt 


At  the  very  outset  let  us  inquire  into  the  conditions 
which  seem  to  be  arousing  high  interest  in  road  re- 
searches throughout  the  country,  and  which  have  led 
to  the  expenditure  of  thousands  of  dollars  in  construc- 
tion of  test  specimens  and  test  roads,  ultimately  to  be 
destroyed  under  known  conditions  of  trafSc.  In  a  re- 
cent paper  by  the  Chief  of  the  Bureau  of  Public  Roads 
a  very  clear  demonstration  has  been  presented  of  the 
great  lag  in  percentage  of  increase  in  expenditures  for 
road  construction,  as  compared  with  the  tremendous 
percentage  of  increase  in  motor  vehicles  from  1910  up 
to  the  present  time.  He  has  shown  that  although  the 
number  of  motor  vehicles  in  the  past  decade  has  in- 
creased roughly  eighteen  hundred  per  cent,  the  increase 
in  road  expenditures  has  been  only  four  hundred  per 
cent.  These  are  extremely  vital  facts  for  they  show 
that  the  percentage  of  increased  expenditures  for  road 
construction  has  sadly  lagged  behind  the  percentage  of 
increase  in  the  number  of  motor  vehicles,  and  it  would 
seem  logical  that  we  must  expect  to  spend  still  greater 
sums  in  the  future  for  road  construction  in  order  that 
our  road  systems  may  be  adequate  for  the  demands  of 
traffic. 

Any  engineering  project  involving  enormous  expen- 
ditures mu.?t  be  based  on  sound  engineering  principles 
else  the  full  proportion  of  those  expenditures  will  not 
yield  returns,  for  human  judgment  is  not  infallible  and 
without  adequate  knowledge  mistakes  are  made.  Mis- 
takes in  policy  and  errors  in  design  have  led  to  dis- 
proportionate road  revenues  in  the  investments  in  high- 
ways in  the  future,  we  would  be  extremely  unwise  did 
we  not  gain  every  possible  bit  of  definite  and  scientific 
information  which  will  lead  us  to  sound  engineering 

•Paper  presented  at  annual  convention  of  the  American 
Road  Builders'  Association. 

tChlef,  EHvislon  of  Tests,  U.  S.  Bureau  of  Public  Roads, 
Washington,  D.  C. 


design  and  give  us  the  basis  for  sound  engineering 
judgment.  At  the  present  time  we  are  lacking  in  far 
too  many  items  of  cold,  scientific  knowledge,  and  ef- 
forts are  being  made  by  the  Bureau  of  Public  Roads, 
by  several  of  the  state  highway  commissions  and  by 
other  agencies  to  gain  the  lacking  information  at  the 
earliest  possible  date.  The  possession  of  this  informa- 
tion means  a  saving  for  the  taxpayer  of  tremendous 
sums  of  money.  That  alone  is  sufficient  reason  for 
the  increasing  interest  in  investigations,  research,  tests 
and  inquiries  into  the  problems  of  highway  design  and 
highway  construction. 

In  planning  the  researches  of  the  Bureau  of  Public 


VIEW  OF  IMPACT  TEST. 

Roads  we  have  had  very  definitely  in  mind  that  when 
our  researches  are  completed  we  should  have  informa- 
tion which  will  lead  to  the  more  rational  design  of  road 
systems  that  will  serve  trafiic  with  the  utmost  econ- 
omy. It  should  be  emphasized  that  our  roads  should 
be  planned  not  only  to  sustain  the  traffic  without  pre- 
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mature  failure,  but  should  be  regarded  as  merely  an 
essential  part  of  a  system  of  highway  transportation, 
just  as  a  railroad  track  is  merely  a  part  of  a  railroad 
transportation  system.  The  roads,  and  the  vehicles 
traveling  over  tlie  roads,  should  be  so  suited  to  one 
another — not  that  the  road  surface  will  be  most  con- 
sented, and  not  that  the  vehicles  will  be  able  to  travel 
over  them  with  the  least  possible  vehicle  cost, — but 
that  ultimate  transportation  economy  will  result.  In 
other  words,  we  have  in  mind  that  after  all,  our  main 
object  should  be  to  accomplish  highway  transportation 
with  the  least  cost  to  the  general  public  who  are  paying 
for  all  the  items  of  vehicle  cost  and  highway  cost  in- 
volved in  that  transportation.  This  is  a  most  import- 
ant thought  and  I  wish  to  lay  special  emphasis  on  it. 

Basic  Knowledge  Is  Lacking 
It  will  be  readily  understood  that  the  maximum  econ- 
omy in  highway  transportation  will  only  be  possible 
after  sufficient  basic  facts  have  been  obtained  to  en- 
able the  highway  engineer  to  say  definitely  that  here 
is  the  proper  design  for  the  definite  set  of  conditions 
at  hand.  Unfortunately,  this  basic  knowledge  is  lack- 
ing in  many  important  branches  of  liighway  engineer- 
ing, and  we  have  undertaken  as  a  starting  point  of  our 
investigations  a  series  of  researches  bearing  on  the 
structural  design  of  highways.  I  have  already  out- 
lined before  this  congress  the  researches  to  be  tinder- 
taken  dealing  with  structural  design  and  in  order  to 
lead  you  into  an  understanding  of  the  results  obtained, 
and  the  application  of  these  results,  it  will  be  neces- 
sary for  me  to  recall  to  your  minds  very  briefly  how 
a  number  of  these  investigations  are  being  carried  on. 
A  highway  pavement  must  be  regarded  as  a  structure 
acted  upon  by  forces  and  just  as  susceptible  to  the 
principles  of  mechanics, — although  perhaps  more  highly 
complicated  mechanics — as  a  bridge  structure.  A  littlo 
reflection  will  show  that  all  pavements  may  roughly  be 
diviiled  into  slabs  of  a  rigid  and  of  a  non-rigid  type, 
with  a  shading  of  one  into  the  other.  Thus,  con- 
crete and  grouted  brick  on  a  concrete  base  are  of 
the  rigid  type,  sand-clay  and  gravel  of  the  non- 
rigid  type  and  bituminous  pavements,  although  at  times 
of  the  non-rigid  type  are  at  other  times  capable  of  re- 
sisting .some  bending.  The  scope  of  our  experiments 
has  been  outlined  in  such  a  way  that  we  hope  to  be 
led  into  rational  pavement  design  through  the  estab- 
linhnient  of  the  fundamental  facts. 

Loads  on  the  Pavement 
One  of  the  first  thoughts  that  struck  us  was,  what 
are  the  loads  for  whit-h  a  pavement  must  be  designed? 
If  the  traffic  did  not  move  there  would  be  a  compara- 
tively simple  answer  to  this  question,  for  then  all 
we  would  have  to  do  would  be  to  u.se  the  known  weights 
ami  wheel  load.s  to  the  different  sized  vehicles.  But 
traffic  moves,  and  in  some  cases  with  very  high  velocity, 
and  although  we  are  approaching  the  ideal  of  smooth- 
neas  on  our  road  surfaces,  nevertheless,  they  are  still 


somewhat  wavy  ani  somewhat  rough,  witli  the  reiult 
that  there  ib  vertical  motion  of  the  vehicles  with  respect 
to  the  road,  and  impact  is  thus  produced  by  traffic  on 
the  road  surface.  We  have  made  a  very  extensive 
series  of  investigations  on  the  impact  of  motor  vehicles 
of  different  sizes  equipped  with  different  kinds  of  spe- 
cial wheels  and  tires  and  running  at  variable  speeds. 
We  have  fairly  well  established  how  much  force  is  to 
be  expected  from  the  different  classes  of  vehicles,  and 
from  this  we  can  conclude  to  a  certain  degree  what 
might  be  the  relative  destructive  efl'ect  of  these  differ- 
ent vehicles. 

Let  me  recall  to  your  minds  the  somewhat  approxi- 
mate method  by  which  we  have  obtained  our  results. 
The  method  consisted  of  placing  an  annealed  copper 
cylinder  under  the  plunger  of  a  hydraulic  jack  which 
was  set  below  the  road  surface.  The  motor  trucks 
were  permitted  to  fall  upon  this  jack  when  running 
at  different  speeds  and  falling  from  different  heights, 
and  they  thus  delivered  impact  to  the  road  surface 
or  rather  to  the  hydraulic  jack  in  the  road  surface 
under  known  conditions.  The  impact  flattened  the 
copper  cylinder  and  an  exactly  identical  cylinder  was 
placed  in  a  testing  machine  and  the  pressure  required 
to  flatten  it  an  identical  amount  was  obtained.  In  this 
way  we  were  able  to  express  the  blow  delivered  by 
the  motor  vehicle  in  terms  of  pressure  required  to 
flatten  the  copper  cylinder  under  the  blow.  Although 
this  was  approximate,  by  further  investigations  we 
have  been  able  to  determine  very  closely  the  error  in- 
volved in  this  type  of  measurement.  The  detailed  re- 
sults of  these  experiments  are  published  elsewhere. 
(See  "Public  Roads,"  March,  1921,  and  December, 
1921.) 

Let  us  look  at  a  few  typical  results  showing  the  high 
spots  of  this  investigation.  There  is  a  well  established 
law  of  mechanics  that  force  is  equal  to  mass  times  ac- 
celeration. This  simply  means  that  if  a  body  is  in 
motion  and  is  brought  to  rest,  the  more  suddenly  that 
is  accomplished  the  greater  will  be  the  force  neces- 
sary. If  a  steel  sledge  hammer  strikes  a  steel  anvil, 
the  sledge  is  brought  to  rest  almost  instantly  and  there 
is  tremendous  force  delivered  between  the  sledge  ham- 
mer and  the  anvil.  On  the  other  hand,  if  the  sledge 
hammer  were  shod  with  a  cushion  of  rubber  a  very 
much  longer  time  would  he  necessai-y  to  bring  it  to 
rest,  and  the  pressure  on  the  anvil  would  be  very  much 
smaller.  The  baseball  player  unconsciously  makes  use 
of  this  princii)le  by  drawing  iiis  hands  back  while  catch- 
ing a  fast  moving  ball.  Without  going  into  too  much 
detail,  which  may  be  obtained  from  the  papers  already 
published,  the  following  curves  will  illustrate  the  main 
facts. 

What  effect  has  speed  on  impact?  In  general  there 
is  a  very  definite  increase  in  impact  with  the  speed 
of  the  vehicle,  but  in  view  of  the  variables  of  the  truck 
design  and  tire  equipment  as  well  as  kind  and  degree 
of  roughness  of  the  road  surface,  there,  is  no  definite 
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law  of  increasing  impact  with  speed,  yet  speed  is  a  very 
important  factor  in  impact.  However,  because  the 
lighter  trucks  move  at  a  very  much  greater  speed 
than  the  heavier  trucks,  the  impact  delivered  by  light 
trucks  running  at  their  maximum  speed  may  be  as 
high  as  that  of  heavy  trucks  at  their  maximum  speed. 
Eesults  are  not  yet  available,  though,  to  show  whether 
or  not  this  would  mean  equal  destruction  on  the  part 
of  the  heavy  and  light  trucks  at  their  maximum  speeds. 
FHg.  I  illustrates  this  point  very  well. 

What  effect  has  weight  of  truck  on  impact?  This 
depends  to  some  extent  on  tlie  design  of  the  truck. 
Thus,  of  two  trucks  of  equal  weight,  one  having  four 
wheels  and  the  otlicr  having  six  wlieels,  the  weight  on 
the  wheels  of  the  four  wheeled  truck  would  be  heavier 
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COMPARISON  OF  TRUCKS 

TIRE  DEFLECTIONS  INOICATED 
ALL   J 'obstructions 

COMPARISON  OF  TRUCKS. 


than  that  on  the  six  wheeled  truck  and  this  would 
greatly  increase  the  impact.  Then  too,  trucks  differ 
with  respect  to  their  distribution  of  sprung  and  un- 
sprung weight  and  it  seems  to  be  established  tliat  light 
unsprung  weight,  that  is,  light  weight  beneath  the 
springs,  lias  the  effect  of  decreasing  the  impact  on 
the  road  surface.  In  general,  however, — and  Mg.  1 
likewise  illustrates  this  point, — for  like  speeds  the 
heavier  the  truck  tlic  heavier  becomes  the  impact  on 
the  road  surface. 

What  effect  have  tires?  Tires  have  a  most  important 
effect,  depending  upon  their  cushioning  properties. 
This  is  self-evident  and,  as  a  rule,  the  better  the  cush- 
ioning properties  of  a  tire  the  less  will  be  the  impact 
on  the  road  surface.  In  some  of  our  experiments  wo 
have  equipped  the  same  truck  with  different  kinds  of 
tiros,  first  with  solids,  then  with  cushion  tires,  and 
finally  with  pneumatic  tires,  and  Fig.  11  well  illus- 
strates  the  a.stounding  difference  in  impact  on  the  road 


surface.  In  this  case  a  two-ton  truck  was  used  and 
it  will  be  noted  that  when  equipped  with  solid  tires 
the  impact,  say  at  sixteen  miles  per  hour,  is  from  four 
to  five  times  as  much  as  the  mere  weight  on  the  rear 
wheel  of  the  vehicle.  When  equipped  with  pneumatic 
tires  the  impact  is  only  about  seventy-five  per  cent, 
greater  than  the  static  weight,  and  cushion  tires  give 
an  intermediate  effect. 

These  results,  when  carefully  studied,  give  very 
strong  indications  that  so  far  as  conservation  of  the 
road  is  concerned  it  would  be  economical  to  require  that 
all  vehicles  be  equipped  with  pneumatic  tires,  but  we 
must  he  practical  and  take  into  consideration  the  limi- 
tations of  the  pneumatic  tire  for  carrying  heavy  wheel 
loads.  Like  investigations  have  involved  cushion 
wheels  of  several  different  types,  as  well  as  a  number 
of  types  of  cushion  tires.  So  far  as  the  cushioned 
wheel  is  concerned  much  depends  upon  the  design. 
The  idea  of  all  cushion  wheels  is  to  give  extra  move- 
ment of  the  hub  with  respect  to  the  pavement  surface 
and  in  so  far  as  they  accomplish  this  object  they 
reduce  the  shock  to  the  vehicle.  Our  tests,  however, 
indicate  that  several  typ:s  of  cushion  wheels  do  not 
decrease  the  impact  delivered  to  the  road  surface,  which 
is  probably  due  to  the  heavy  rim  construction  neces- 
sary. This  by  no  means  indicates,  however,  that  they 
ai'e  not  efficient  in  accomplishing  the  purpose  for  which 
they  were  designed,  namely,  that  of  reducing  shock 
to  the  vehicle.  It  does  indicate,  though,  that  vehicles 
thus  equipped  may  be  just  as  destructive  to  the  road 
surface  as  those  not  so  equipped.  On  the  other  hand, 
other  designs  of  cushion  wheels  do  lesson  the  shock 
to  the  road  surface.  Details  of  those  studies  have  like- 
wise been  published. 

Other  tests  have  included  special  tires  and  certain 
of  thes?  tires  seem  to  be  very  effective  in  alleviating 


in.     VIEW  OF  IMPACT  MACHINE  AT  ARLINGTON. 

impact  pressure  on  the  road  surface,  although  none  of 
them  are  as  effective  as  pneumatic  tires.  In  general, 
the  results  show  that  under  the  most  extreme  conditions 
there  is  the  possibility  of  obtaining  impact  seven  times 
as  high  as  the  static  weight  on  one  rear  wheel.     The 
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average  value  is  perhaps  about  four  times  that  of  the 
static  weight,  when  the  truck  is  equipped  with  solid 
tires.  The  average  impact  value  when  equipped  with 
pneumatic  tires  is  only  about  one  and  one-fourth  times 
as  much  as  the  static  weight.  Road  destruction  un 
doubtedly  is  related  in  some  degree  to  the  impact  re- 
ceived, and  ultimately  it  is  possible  that  legislation  in- 
directly will  take  cojfnizanee  of  this  fact. 

Effect  of  Impact  on  Road  Surfaces 
We  still  have  under  way  a  large  series  of  investiga- 
tions of  impact  on  road  surfaces  of  different  types  and 
we  have  completed  a  large  series  of  tests  on  rigid 
pavements,  involving  plain  concrete  of  different  con- 
struction and  brick  pavements  having  different  types 


IV. 


GENKK.XL    VIEW   OF   ARLINGTON    FARM 
EXPERIMENTS 


of  fillers  and  different  types  of  foundations.  Details 
of  the  results  thus  far  obtained  have  been  published 
("Public  Roads,"  October,  1921)  and  the  method  of 
testing  has  bren  described  before  this  body.  But  let 
me  again  briefly  call  it  to  your  minds.  We  have  built 
slabs  of  different  design  directly  on  the  subgrade.  The 
slabs  are  7  ft.  square.  Previous  studies  and  road  tests 
made  by  as  indicated  that  this  size  was  suffi- 
cient to  distribute  the  load  to  the  subgrade. 
Then,  too,  we  had  in  mind  that  if  a  pavement 
of  the  rigid  type  were  to  break  into  pieces 
'  smaller  than  this,  failure  would  be  con.sidered 
complete,  and  we  have  worked,  therefore,  on 
the  assumption  that  if  slabs  of  this  size  are 
capable  of  resisting  the  impact  to  wliich  they 
would  be  subjected  in  a  pavement,  the  pave- 
ment would  still  be  very  serviceable. 

The  testing  machine,  it  will  be  recalled,  wasj^" 
designed  to  resemble  the  conditions  on  the  rear  wheel 
of  a  5-ton  truck.  It  consists  of  an  unsprung  weight 
of  1,800  lb.  shod  with  a  solid  rubber  tire  and  carrying 
a  heavy  truck  spring  supporting  a  weight  of  6,000  lb. 
By  means  of  the  proper  mechanism  the  entire  weight 
Ls  allowed  to  fall  repeatedly  on  the  center  of  the  test 
•pecimen,  500  blows  at  V^  in.,  and  500  blows  at  in- 
creasing heights  of  %  in,,  deflections  of  the  slab  being 


measured,  and  other  careful  observations  taken  as  to 
the  condition  of  the  slab.  I  shall  not  burden  you  with 
the  details  of  this  test  since  they  are  covered  elsewhere 
but  will  simply  call  to  your  attention  the  main  indi- 
cations. 

Referring  to  Fig.  V,  there  are  shown  curves  taken  in 
connection  with  the  tests  on  concrete  slabs  6,  8  and 
10  in.  in  thickness.  The  point  of  sudden  curvature  in- 
dicates that  a  crack  was  formed,  and  ultimate  failure 
took  place  soon  after  this.  Note  tbat  it  only  required 
640  blows  to  cause  failure  of  the  4  in.  slab,  1,237  blows 
for  the  6  in.  slab,  2,552  blows  for  the  8  in.  slab,  and 
six  thousand  blows  were  delivered  to  the  10  in.  slab 
without  producing  failure,  and  it  was  considered  that 
the  10  in.  slab  would  have  withstood  a  very  large 
number  of  blows  without  breaking. 

Referring  to  Fig.  VI,  similar  curves  are  shown 
for  various  types  of  brick  construction  involving 
sand-cushion,  semi-monolithic  and  monolithic  brick 
on  4  and  6  in.  concrete  bases,  and  involving  also 
bituminous  filled  brick  on  4  and  6  in.  concrete 
basis.  It  is  evident  that  so  far  as  resistance  to  im- 
pact is  concerned  the  slab  strength  has  great  influ- 
ence, and  thus  pavements  which  have  greatest  slab 
strength,  very  broadly  speaking,  will  have  the  high- 
est resistance  to  impact.  Such  a  statement  can,  of 
course,  not  be  taken  without  qualifications,  for 
thc^e  tests  were  made  on  a  medium  soft  subgrade, 
and  of  course  the  supporting  value  of  the  subgrade 
influences  the  resistance  which  the  slab  will  be 
called  upon  to  offer.  For  instance,  where  the  subgrade 
is  soft  the  slabmust  be  subjected  to  considerable  bend- 
ing, and  must  be  capable  of  resisting  this  bending; 
whereas,  if  the  subgrade  is  exceedingly  hard,  the  load 
is  transmitted  to  the  subgrade  without  producing  much 
bending  of  the  road  slab.  Naturally  on  subgrades  of 
high  supporting  value,  slabs  having  lower  resistance 
to  bending  can,  therefore,  be  used  than  on  subgrades 
of  low  supporting  value.    Thus  far  we  have  tested 
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V.      IMPACT  CURVES  FOR  CONCRETE 

56  slabs,  some  laid  on  a  wet  subgrade  and  some  on  a 
dry  subgrade,  there  being,  however,  not  very  much 
difference  in  the  supportng  values  of  the  subgrades. 
As  a  result  of  the  preceding  series  in  which  we  have 
determined  the  impact  values  of  different  motor  trucks, 
we  have  been  able  to  arrive  at  some  conclusion  through 
analysis  of  the  results,  which  throws  considerable  light 
(Contlnu°id  on  page  228) 
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TRAFFIC  IN  THE  SPRING 

Dui'ing  the  spring,  earth  and  gravel  roads  are  in  un- 
stable condition  and  are  very  easily  damaged  by  heavy 
traffic.  Recently  Commissioner  of  Highways  Sisson 
ol!  New  York  requested  motor  truck  operators  to  load 
their  vehicles  to  one-half  capacity  for  a  few  weeks. 
That  motor  vehicle  operators  will  heed  this  admoni- 
tion is  extremely  doubtful  yet  if  they  could  be  made 
to  realize  that  traffic  restriction  in,  the  spring  means 
better  roads  throughout  the  entire  summer,  selfish  mo- 
tives ought  to  prompt  them  to  refrain  from  cutting 
up  the  roads  any  more  than  absolutely  necessary. 


SAND  FOR  ASPHALT  PAVEMENTS 

During  the  past  few  years  highway  engineers  have 
given  considerable  attention  to  specifications  of  road 
materials  and  as  the  result  of  the  scientific  control  of 
the  physical  properties  of  the  elements  entering  into 
pavements,  better  highways  are  now  being  constructed 
thai!  were  produced  with  the  same  materials  a  decade 
ago.  Experience  has  taught  the  road  builder  that  the 
size  and  shape  of  stone,  the  consistency  of  bituminous 
materials  and  the  fineness  of  cement  all  bear  important 
relationship  to  the  resulting  pavements.  Indeed,  the 
manner  in  which  a  road  surface  is  finished  affects  the 
life    of  the  pavement. 

Elsewhere  in  this  issue  appears  an  article  by  Prevost 
Hubbard.  Chemical  Engineer  of  the  Asphalt  Associa- 
tion, in  which  it  is  pointed  out  that  the  physical  char- 
acteristics of  the  sand  entering  into  sheet  asphalt  pav- 
paving  mixtures  are  very  Important. 


"Theory  and  practice,"  says  Mr.  Hubbard,  "agree 
on  the  desirability  of  using  sand  with  relatively  low 
percentage  of  voids  when  the  grains  are  in  intimate 
contact.  Experience  has  shown  that  when  certain 
grading  requirements  are  met  the  percentage  of  voids 
may  be  kept  within  satisfactory  limits  without  sacri- 
ficing other  necessary  characteristics,  such  as  ability 
to  carry  mineral  filler.  Such  requirements  are  there- 
fore usually  included  in  specifications." 


CONVICT  LABOR 


With  the  lowering  of  labor  costs  some  states  are 
abandoning  the  use  of  convicts  on  road  work.  The 
Satte  of  Kentucky  has  recently  announced  its  intention 
to  discontinue  the  use  of  convicts  for  road  work. 

During  1919  and  1920,  when  labor  was  scarce  and 
liigh  in  cost,  a  number  of  states  pressed  convicts  into 
service  and  for  the  most  part  satisfactory  results  were 
obtained.  New  York,  California  and  Nebraska,  as 
well  as  other  commonwealths,  have  found  the  employ- 
ment of  convicts  profitable.  However,  with  the  chang- 
ing economic  situation,  it  is  actually  often  possible  to 
hire  laborers  at  less  than  it  costs  to  maintain  convicts 
in  road  camps.  Accordingly,  it  is  probable  that  the 
tendency  will  be  to  use  less  convicts  on  road  work. 


CARING  FOR  TOURIST  TRAFFIC 

The  summer  season  will  soon  be  in  full  swing  and 
thousands  of  people  will  go  forth  seeking  beautiful 
scenery,  cool  woods  and  shimmering  mountain  lakes. 
Behind  them,  they  will  leave  a  golden  trail  of  revenue 
for  the  localities  they  have  to  visit.  This  fact  was 
emphasized  in  a  recent  statement  by  Willard  M.  Bry- 
ant, Field  Secretary  of  the  Michigan  State  Good  Roads 
Association.  Mr.  Bryant  stressed  the  importance  of 
rushing  to  completion  the  good  roads  program  as, laid 
out  in  the  state,  saying  that  as  soon  as  the  main  trunk 
lines  are  completed,  the  association  plans  to  ask  the 
legislature  for  an  appropriation  to  be  used  in  adver- 
tising Michigan  as  a  summer  resort  country  through- 
out the  Middle  West  and  the  Mississippi  Valley.  It 
is  believed  that,  if  this  plan  were  carried  out  in  the 
right  way,  the  people  of  the  state  would  receive  a 
yearly  revenue  of  $75,000,000  to  $100,000,000  from  the 
resort  trade. 

Highways  which  open  up  vacation  playgrounds  to 
the  motorist  frequently  run  through  sparsely  settled 
territory,  devoid  of  producing  farms,  and  connect  towns 
and  villages  which  have  no  industries,  so  that  it  is 
difficult  to  convince  the  taxpayer  of  their  value.  How- 
ever, the  tendency  seems  to  be  to  construct  roads  for 
the  tourist  even  if  they  serve  no  other  purpose  as,  for 
example,  the  road  now  being  built  by  the  State  of 
Colorado  to  the  summit  of  Mt.  Evans.  New  York 
State,  too,  has  set  an  example  for  its  neighbors  with 
a  fine  system  of  roads  through  the  Adirondacks. 
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HIGHWAY  RESEARCHES  AND 

WHAT  THE  RESULTS  INDICATE 
(Continued  from  page  226) 
on  the  proper  thickness  of  concrete  slabs  for  subgradcs 
having   bearing   values    approximately    like   those    in 
these  tests. 
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VI.      IMPACT     CURVES      FOR      BIMCK,     SAND     CUSHION,      SEMI- 
MONOLITHIC    AND    MONOLITHIC    BITl'MINOUS   JOINT    FILLER 

We  do  not  propose  the  following  analysis  as  a  ra- 
tional method  of  design  but  simply  offer  it  as  an  analy- 
sis which  goes  far  to  aid  our  judgment  in  the  selection 
of  the  proper  thickness  of  concrete  surfaces  under  the 
stated  conditions  of  traflHc.  We  consider  that  the  max- 
imum impact  of  motor  vehicles  is  invariably  delivered 
bj  the  rear  wheels.  An  analysis  siiows  that  the  total 
weight  on  the  rear  wheels  of  motor  trucks  of  all  sizes 
is  practically  directly  dependent  upon  the  load  car- 
ried on  the  truck.  This  analysis  is  shown  in  Curve 
No.  1  of  Rg.  VII. 

From  a  mass  of  some  four  or  five  thousand  impact 
tests  of  motor  trucks  of  different  weights  and  sizes, 
running  at  different  speeds,  we  have  been  able  to  plot 
curves  shown  by  Nos.  2.  3  and  4,  Fig.  VII,  indicating 
what  impacts  are  generally  to  be  expected  from  motor 
trucks  with  known  weights  on  the  rear  wheels.  Curve 
No.  3  shows  the  impacts  which  might  be  expected  for 
y4  in.  height  of  fall,  which  we  assume  to  be  the  usual 
condition,  and  since  we  wish  to  make  our  pavements 
with  a  factor  of  safety  of  two,  we  have  doubled  these 
impact  vahies,  thus  giving  Curve  N'o.  .5,  which  repre- 
sents the  impact  to  be  resisted  with  safety  by  the  pave- 
ment. In  making  our  impact  tests  on  slabs,  we  knew 
definitely  the  height  of  fall  at  the  last  blow  before  fail- 
ure and  by  means  of  an  autographic  device  we  have 
been  able  to  obtain  a  measure  of  this  blow  so  that  we 
know  what  blow  it  corresponds  to  in  terms  of  a  motor 


truck  which  is  most  likely  to  deliver  such  a  blow. 
This  analysis  is  presented  in  Curves  8  and  9.  Curve 
9  is  really  an  indication  of  the  safe  thickness  of  plain 
concrete  slab  to  use  to  withstand  motor  trucks  having 
a  freight  load  such  as  indicated. 

it  must  bo  emphasized  again  that  tliis  analysis  does 
not  offer  the  rational  method  of  design  of  gen- 
eral application  but  merely  serves  to  aid  our 
judgment  of  what  the  proper  thickness  of  the 
road  might  have  to  be  in  order  successfully  to 
carry  traffic  of  the  weight  indicated  when  the 
subgrade  conditions  are  such  as  obtained  at 
Arlington  Farm.  We  have  obtained  a  definite 
measure  of  these  subgrade  conditions  through 
an  impact  test  to  determine  the  bearing  value 
of  the  soil.  This  test  is  illustrated  in  Fig.  X. 
The  apparatvis  consists  of  a  weight  of  10  lb. 
which  is  allowed  to  fall  from  a  height  of  3  ft. 
ujwn  a  circular  plunger  also  weighing  10  lb. 
and  covering  an  area  of  about  15  sq.  in.  The 
penetration  of  this  plunger  under  50  blows 
varied  from  2  to  4  in.,  depending  upon  the  vari- 
ations of  the  subgrade. 

Temperature  Stresses  in  Concrete  Pavements 
It  might  be  thought  without  stopping  to  con- 
sider the  matter  to  any  great  extent,  that  when 
concrete  is  poured  upon  the  subgrade.  is  fin- 
ished and  hardened  to  form  a  concrete  pave- 
ment, that  tliereafter  there  should  be  offered 
practically  unit'oi'ni  support  by  the  underlying 
subgrade  provided  there  is  no  heaving  of  the  subgrade. 
But,  of  course,  this  is  far  from  being  tlie  case.     Let  us 
assume  for  the  time  being  that  the  subgi-ade  remains 
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VII.     LOAD    IN 


U)AP  IN  TONS  ON  TRUCK 

TONS    ON    TRUCK    VS. 
IMPACT  IN  1000  LBS. 


WEIGHT    AND 
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e  a 

THICKNESS  OF  SLABS  IN   INCHES 

THICKNESS  OF  SLAB.      RESISTANCE. 


Ml 


IX. 


'23-436769 

■nSTAL   LOAP    IN  TONS   ON  TRUCK 

TOTAL  LOAD  IN  TONS.      THICKNESS   IN   INCHES. 


SOIL   IMPACT  TEST. 


in  a  uniform  condition  and  doe^^not  change  its 
degree  of  support  or  its  elevation.  Even  under 
those  conditions  the  slab  does  not  bear  uni- 
formly because  it  is  being  continuously  warped 
out  of  shape  by  changes  in  temperature.  As 
the  air  teniperatui'e  rises,  naturally  the  top  of 
the  slab  is  heated  up  more  rapidly  than  the 
bottom,  there  is  an  expansion  of  the  entire  top 
of  the  slab  without  corresponding  expansioa  of 
the  bottom  of  the  slab  and  the  result  is  that 
there  is  actual  curling  down  of  the  edges  and 
corners,  making  them  bear  harder  against  the 
sub  grade  than  at  the  center  and,  in  fact,  the 
center  may  be  raised  entirely  free  frooi  the 
subgrade.  On  the  other  hand,  at  night  as  the 
air  temperature  falls,  the  top  of  the  slab  will 
be  affected  first  and  will  be  contracted,  with 
the  result  that  there  will  be  curling  up  of  the 
edges  and  comers  to  such  an  extent  that  they 
will  be  entirely  free  from  the  subgrade,  the 
slab  then  being  supported  as  the  center. 

In  Fig.  XI  there  is  shown  a  view  of  an 
experimental  slab  laid  at  Arlington  for  the 
purpose  of  determining  the  extent  to  which 
this  curling  action  can  take  place.  It  is  equip- 
ped with  wells  through  which  samples  of  sub- 
grade  may  be  obtained  and  with  metal  plugs 
set  in  the  concrete  upon  which  precise  levels 
are  taken.  Autographic  temperature  j.'ecording 
devices,  as  well  as  autographic  devices  for 
measuring  the  movement  of  the  slab,  are  in- 
stalled. 

On  Fig.  XII  there  is  a  typical  set  of  curves 
showing  the  temperatures  at  the  top  and  bot- 
tom of  the  slab  at  different"  hours  during  the 
day,  and  showing  also  the  vertical  movement 
of  the  corners  and  sides  of  the  slab.  The 
curves  at  the  top  of  Fig.  XII  show  pressure 
I'cadings  taken  between  the  slab  and  the  sub- 
grade  by  means  of  a  special  device  for  read- 
ing soil  pressures.  Note  that  these  pressures 
are  variable.  If  they  had  been  constant  the 
slab  would  have  been  receiving  constant  sup- 
port from  the  subgrade,  but  when  the  edges 
and  corners  of  the  slab  are  curled  down,  nat- 
urally the  pressure  readings  under  the  corners 
and  edges  are  greatly  increased. 

Let  us  see  what  significance  this  warping 
action  might  have  in  connection  with  concrete 
pavement  design.  Let  us  assume,  and  this 
might  very  readily  be  the  case,  that  there  is  a 
difference  in  temperature  between  the  top  and 
bottom  of  the  slab  equal  to  36°  F. ;  let  the  pave- 
ment be  eighteen  feet  in  width  and  eight  inches 
in  thickness,  and  let  the  temperature  at  the 
top  of  the  slab  be  lower  than  that  at  the  bot- 
tom, the  sides  and  corners  thus  being  elevated 
from  the  subgrade. 
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Xn.     CURVE  OF  WARPING. 


As  shown  in  Fig.  XllI  with  a  difference  in 
temperature  of  36°,  there  is  the  possibility  of 
a  warpuig  up  of  the  edges  equal  to  0.144  in. 
but  owing  to  the  weight  of  the  slab  these  ends 
will  be  bent  down  0.094  in.  with  a  resulting 
tensile  stress  of  380  lb.  per  square  inch  tension 
in  the  top  of  the  slab  at  the  center.  The  edges 
of  the  slab  would  still  be  raised  0.05  in.  off  the 
subgrade,  and  if  two  vehicles  passed  one  an- 
other there  would  be  a  possibility  of  bending 
the  slab  down  into  contact  with  the  subgi-ade. 
If  loads  were  applied  at  the  extreme  edges  of 
the  pavement,  a  running  load  of  183  lb.  per 
square  inch  would  be  created  in  the  center  of 
the  pavement,  or  a  total  stress  of  564  lb.  per 
square  inch.  When  it  is  considered  that  600 
lb.  per  square  inch  is  the  modulus  of  rupture 
of  concrete,  it  will  be  seen  that  under  extreme 
conditions  of  warping,  stresses  are  produced 
that  might  in  some  cases  account  for  longitu- 
dinal cracking,  omitting  entirely  from  consid- 
eration the  character  of  the  subgrade.  If  the 
slab,  on  the  other  hand  is  only  9  ft.  in  width, 
the  Avarping  produced  under  the  same  condi- 
tions would  be  only  0.036  in.,  the  weight  of 
the  slab  then  producing  a  stress  of  95  lb.  per 
square  inch,  and  the  total  stress  at  the  center 
when  the  slab  is  bent  down  entirely  into  con- 
tact with  the  subgrade  then  being  465  lb.  per 
square  inch,  requiring,  however,  a  i-unning  load 
of  878  lb.  placed  at  the  extreme  edges  of  a 
9-ft.  pavement  to  produce  this  result.  So  it 
would  seem  that  there  is  practically  no  possi- 
bility of  a  9-ft.  slab  cracking  longitudinally 
owing  to  warping  effects,  whereas  there  is  a 
strong  possibility  of  a  longitudinal  crack  form- 
ing in  an  18-ft.  slab. 

(To  be  continued) 


case  i- stress  produced  by  deflecting  the  end  of  an  is^i^ff 
Concrete  Beam  to  its  lowest  position  after  it  had  been 
warped  by  a  temperature  change  of  36"  f. 

R«^;    R'^xr;   C«L  dL-TxcxL 

T'Tomp.  change,  degrees  F  ■  36 
C'Coef.  of  change  per  degree  F  ".0000055 
Bjj  substftution,-  m  -  l£i?  •  36  x  .0000055  «  216  k  216  , 
.14-4  of  an  inch.  8d  8X6 

Asaumrng   the  beam  to  be  supported  at  the  c«nt«r  aocli 
half   become*  a  contilever   o/  length  -  108  ins. 
Deflection    doe  to  weight  of  beom:-  f -WI,'. 
^  900KI06''I08«I08»I2  8EI 

'\CJ2>'\V       8x3000000x8x8x8x12  f '.094  of  on  inch. 

f-J44'  The  ktrese   produced  bu  the  weight  of  the  beam:- 
wa.sl.      c.Wlc.900xl08x4xja.,»n»,..^ 
"2"     "c"'  TT"     EXI2X6X8X8    ^°°   '**'^ 

Th*    lood  required  to  deflect  ttie  end  the  remaining  .05"i»  found  frotn;- 
p.JJt".3x05x3000000»8.a.»  p.,..,. 

*"^X*^  108x108X108  H"  183  ib». 

Xh*  Mtre**  produced  bij  the  load  is  found  from 


Pic.  I63>I08X4X|2 


I2>  OxQx  A 


S-154  lb*,  par  m^  ttl 


Total  ktrcM  «vil(  be  380-M54  •  534   lbs.  per  sa  incK 

XIII.     CALCn-ATION    OF   STRESS   DUE  TO  WARPING  SLAB. 


THE  OSTERMAN  MEMORIAL 

The  effective  work  which  the  late  H.  C  Os- 
terman  accomplished  for  the  Lincoln  Highway 
during  the  years  he  was  vice  president  and 
field  secretary  of  the  Lincoln  Highway  Asso- 
ciation is  to  be  most  appropriately  memorial- 
ized. The  association,  through  its  board  of 
directors,  has  approved  the  design  for  a  mem- 
orial seat  to  be  erected  at  a  beautiful  spot  along 
the  ideal  section  of  the  Lincoln  Highway  in 
western  Indiana.  The  seat  will  be  set  back 
slightly  from  the  road  where  it  may  ultimate- 
ly become  the  nucleus  for  an  ideal  camp  site 
planned  by  the  association. 


Union  Cotinty,  New  Jersey,  recently  adopted 
a  pavement  program  involving  the  estimated 
expenditure  of  $753,000  for  new  roads  and  re- 
surfacing. 
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FEDERAL  AID  BILL  REPORTED  IN  HOUSE 

The  House  Committee  ou  Roads  has  reported  out  tho 
Dunn  bill  appropriating  $65,000,000  for  federal  aid  dur- 
ing the  next  fiscal  year  and  $75,000,000  for  the  year 
ending  June  30,  1924.  The  committee  deemed  it  ad- 
visable to  provide  for  a  two-year  program  only  in  the 
hope  that  the  financial  situation  might  improve  and 
that  it  might  be  possible  later  to  return  to  the  appro- 
priation of  $100,000,000  annually.  The  bill  also  car- 
ries $6,500,000  for  forest  roads  and  trails  during  the 
second  fiscal  year. 

The  bill  requires  that  the  states  begin  work  on  the 
projects  within  one  year  after  the  money  is  allotted 
and  fixes  the  maximum  federal  aid  at  $12,500  per  mi!o 
during  the  next  fiscal  year,  instead  of  $20,000  per  mile 
as  at  present,  and  $10,000  per  mile  during  the  second 
year.  Provision  is  also  made  to  extend  for  five  years 
the  time  in  which  Texas,  Arkansas,  and  some  othe;- 
states  may  change  their  constitutions  to  comply  witli 
the  Federal  Aid  Act. 

Other  features  of  the  bill  permit  the  federal  govern- 
ment to  participate  in  underpass  as  well  as  overhead 
construction  in  railroad  grade  crossing  eliminations, 
and  money  allotted  to  a  definite  project  to  be  trans- 
ferred to  another  on  the  abandonment  of  the  original 
project. 

NEW  MACHINE  FOR  PLACING  CONCRETE 

A  new  machine  for  the  placing  of  concrete  has  been 
developed  by  the  Austin  Machinery  Corporation,  Chi- 
cago, 111.  This  machine  is  called  the  "Distributor" 
and  by  its  use  the  boom  and  bucket  are  eliminated. 

The  "distributor"  is  an  entirely  separate  machine — 
a  new  unit  in  a  modern  road  building  outfit.  It  runs 
on  the  forms  just  as  the  tamper  does,  and  is  operated 
by  a  small  gasoline  engine,  with  traction  both  forward 
and  backward.  Direct  from  the  discharge  spout  of 
the  mixer,  it  receives  the  entire  batch  in  a  troughlike 
receptacle  that  extends  the  full  length  of  the  machine, 
which  means  the  full  width  of  the  road.  This  trough 
is  kept  in  a  constant  state  of  oscillation  all  the  while 
that  the  machine  is  being  run  back  on  the  forms,  and 
right  up  to  the  moment  when  the  concrete  is  dumped. 
In  effect  it  continues  and  prolongs  the  mixing  process, 
and  with  its  aid  even  the  driest  mix  can  be  delivered 
on  the  ground  in  its  most  plastic  form. 

Arriving  at  the  spot  where  the  concrete  is  to  be 
dumped,  all  the  operator  has  to  do  is  to  throw  into 
gear  a  clutch  which  turns  the  trough  upside  down.  The 
result  is  a  ridge  of  concrete  spread  over  the  entire 
space  from  curb  to  curb.  Then,  as  the  machine  starts 
back  to  the  mixer  for  its  next  load,  its  strike-off  board, 
adjusted  to  the  proper  crown,  spreads  the  concrete  and 
smooths  it  down  to  the  desired  level.  The  distributor 
thus  does  mechanically  what  heretofore  has  had  to  be 
done  by  several  men  with  shovels  and  hoes.  Moreover, 
it  leaves  ready  for  tbe  tamper  a  surface  that  is  far 
more  uniform  than  can  ordinarily  be  secured  by  hand 
labor. 


HIGHWAY   COSTS  IN  INDIANA 

C.  C.  Gray,  State  Highway  Engineer  of  Indiana,  has 
stated  that  the  forty  miles  of  road  placed  under  con- 
tract several  weeks  ago  at  approximately  $1,000,000 
will  be  built  at  about  $8,500  a, mile  cheaper  than  was 
possible  last  year.  Concrete  pavement  .at  that  time 
cost  about  $36,500  a  mile.  The  contracts  recently 
aw  arded  for  concrete  roads  show  an  average  cost  of 
about  $27,500  a  mile.  M-r.  Gray  points  out  that  this 
saving  will  permit  the  commissioners  to  build  seven 
miles  more  road  for  the  same  amount  of  money  as 
compared  with  last  year. 


GOOD  ROADS  IN  DELAWARE 

Delaware  is  planning  to  build  60  mi.  of  road  this 
year,  which  will  bring  the  total  mileage  of  paved  roads 
up  to  270  mi.  The  State  Highway  Department  has 
compiled  figures  showing  that  Senator  duPont  has 
spent  more  than  $3,000,000  for  the  boulevard  which  he 
gave  to  the  state.  This  boulevard  is  over  100  mi.  in 
length  and  most  of  it  is  completed  and  already  in  use, 
but  the  expense  of  completing  and  beautifying  the  road 
will  bring  the  total  cost  to  $3,500,000. 


COUNTY  TO  PROTECT  ITS  PAVED  ROADS 

With  a  1922  program  calling  for  the  expenditure  of 
$300,000  on  improved  highways,  the  county  commis- 
sioners of  Erie  County,  Pennsylvania,  have  turned 
their  attention  to  the  matter  of  protecting  the  paved 
roads  from  destruction.  To  this  end  they  have  de- 
cided to  purchase  scales  for  weighing  all  trucks  using 
the  county  highways.  The  scales  will  be  set  up  in 
Erie,  and  state,  county  and  city  authorities  will  have 
charge  of  apprehending  operators  of  overloaded  trucks. 


The  State  of  Utah  recently  awarded  road  construc- 
ton  contracts  totaling  about  $950,000.  One  of  the  con- 
tracts was  for  the  longest  stretch  of  hard  surface  pave- 
ment yet  to  be  let  in  one  job  in  the  state,  about  15.5  mi. 


The  City  of  Wilmingfton,  Del.,  recently  sold  $517,000 
of  4J^  paving  bonds  to  Farson,  Son  &  Co.  and  J.  S. 
Bache  &  Co.  at  $527,783. 


Thirteen  Bridges  in  Delaware  County,  Pennsylvania, 

have  been  declared  unsafe  and  County  Judges  Johnson 
and  Bromall  have  ordered  ten  of  them  rebuilt  at  a 
cost  of  approximately  $600,000. 


Welland  County,  Ontario,  will  spend  $460,000  on 
road  construction  and  $100,000  on  maintenance  this 
year. 


Cocke  County,  Tennessee,  has  authorized  the  issu- 
ance of  $300,000  of  road  bonds.  The  state  and  the 
Federal  Government  will  each  furnish  a  like  amount, 
making  a  total  of  $900,000  available  for  road  work  in 
that  county. 
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MEETINGS 


side  on  ropes.  The  accident  to  Mr.  Babcock  occurred 
when  the  rope  on  which  he  was  suspended  broke  and 
caused  him  to  fall  more  than  one  hundred  feet. 


Calendar  of  Coming  Meetings 

May  12 — ^National  Highway  Traffic  Association — ^An- 
nual meeting,  Automobile  Club  of  America,  New  York 
City.  Secretary,  Ehner  Thompson,  247  "West  54th  St., 
New  York  City. 

June  4-6 — American  Association  of  Engineers — ^An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary, 
C   E.  Drayer,  Chicago,  lli. 

June  13-16 — Canadian    Good    Roads    Association — 

Nintli  annual  convention,  Victoria,  B.  C.  Secretary- 
treasurer,  George  A  McNamee,  Birks  Bldg.,  Montreal, 
Canada. 

June  26-July  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineeis'  Club  Bldg.,  Phila- 
delphia, Pa. 

Oct.  9-13 — American  Society  for  Municipal  Improve- 
ments— Annual  convention,  Cleveland,  0.  Secretary, 
Charles  Carroll  Brown,  St.  Petersburg,  Fla. 


COLORADO  TO  BUILD  ROAD 

TO  SUMMIT  OF  MOUNT  EVANS 
The  Colorado  State  Highway  Department  has  ad- 
vertised for  bids  for  the  construction  of  the  first  4.5 
mi.  of  highway  to  the  top  of  Mt.  Evans.  The  Commis- 
sioner of  Highway  District  No.  1,  in  which  Mt.  Evans 
is  located,  has  definitely  stated  that  he  will  specify  in 
the  1923  budget  that  sufftcient  funds  be  appropriated 
to  complete  the  road  to  the  summit.  In  view  of  this 
statement,  Secretary  of  Agriculture  Wallace  has  an- 
nounced that  further  action  hi  the  matter  of  granting 
a  permit  to  private  parties  for  the  building  of  a  toll 
road  up  Mt.  Evans  will  be  suspended.  The  proposi- 
tion to  build  a  toll  road,  which  was  considered  by  Sec- 
retary Wallace  on  the  ground  that  the  people  of  Colo- 
rado would  not  feel  justified  in  spending  public  funds 
for  such  a  project,  met  with  considerable  opposition  in 
the  state  and  was  called  an  attempt  to  commercialize 
the  scenery  of  Colorado. 


HIOHWAY  ENGINEER  AWARDED  DAMAGES 
Dudley  P.  Babcock,  of  Albany,  N.  Y.,  has  secured 
an  award  of  $10,000  from  the  Court  of  Claims  for  in- 
juries sustained  while  in  the  employ  of  the  State  High- 
way Department  on  the  preliminary  survey  of  the 
famous  Storm  King  Highway.  He  had  previously  car- 
ried his  claim  through  every  court  of  record  in  the 
state  and  had  obtained  an  enabling  act  from  the  legis- 
lature to  prosecute. 

In  making  the  preliminary  survey  for  the  road  around 
the  face  of  Storm  King  Mountain,  it  was  necessary 
to  lower  the  engineers  down  the  precipitous  mountain- 


HEARING  OF  EUMENATION  OF 

GRADE  CROSSINGS  IN  NEVADA 

A  hearing  before  the  Public  Service  Commission  will 
be  held  April  25  at  Carson  City,  Nevada,  to  fix  the 
rate  of  participation  by  the  railroad  companies  in  the 
expense  of  eliminating  grade  crossings  on  the  highways 
of  the  state.  The  Public  Service  Commission  law  of 
the  state  provides  an  avenue  through  which  the  rail- 
roads can  be  requested  to  assist  in  such  work  and  all 
companies  operating  in  the  state  have  been  summoned 
to  appear  at  the  hearing.  In  some  states,  such  par- 
ticipation is  fixed  by  general  agreement  and  it  is  hoped 
that  Nevada  may  secure  some  such  fixed  ratio. 


KENTUCKY  ABAlfDONS  USE  OF  CONVICTS 

The  Geiieral  Assembly  of  Kentucky  has  enacted  a 
law  which  puts  an  end  to  the  use  of  convict  labor  on 
roadv  work  except  for  the  purpose  of  quarrying  stone 
or  other  material  used  by  the  state  in  the  construction 
of  roads  and  bridges  and  permits  it  then  only  in  case 
the  quarry  is  enclosed  by  walls  or  stockade.  The  pro- 
ponents of  the  bill  claimed  that  convict  labor  has  been 
a  failure.  They  pointed  out  that  the  cost  of  policing 
the  work  was  high,  that  there  were  numerous  es- 
capes in  spite  of  the  money  spent  for  ix)licing,  and 
that  it  had  been  pretty  thoroughly  demonstrated  that 
a  fair  day's  work  was  not  given  by  a  prisoner. 


The  West  Virginia  Highway  Commission  recently 
awarded  contracts  for  the  construction  of  roads  to  cost 
approximately  $2,000,000  and  work  is  expected  to  be- 
gin as  soon  as  the  contracts  are  signed.  The  28  con- 
tracts cover  projects  in  21  counties,  with  a  total  mile- 
age of  65  mi. 


PERSONAL  MENTION 


E.  R.  Thomas,  City  Engineer  of  Port  Arthur,  Texas, 
has  resigned. 

George  H.  Rowe,  Assistant  Engineer  of  the  Board  of 
Public  Utilities  of  Los  Angeles,  Cal.,  has  been  ap- 
pointed assistant  engineer  with  the  California  State 
Highway  Commission. 

F.  H.  Rood,  formerly  Assistant  Engineer  of  Tests 
01  the  Pittsburgh  Testing  Laboratory,  Pittsburgh,  ^., 
has  resi'gned  to  accept  a  position  as  Research  Engineer, 
Office  of  Public  Roads,  with  headquarters  at  Hams- 
burg,  Pa.  He  has  beeni  assigned  to  the  Advisory 
Board  on  Highway  Research  of  the  National  Research 
Council  under  the  direction  of  H.  S.  Matthiiore,  Chair- 
man of  the  Committee  on  Cliaracter  and  Use  of  Road 
Materials. 


AprU  26,  1922 


GOOD     ROADS 


CONSTRUCTION    TRANSPORTATION    MAINTENANCE 


PUBLISHED  EVERY   WEDNESDAY  BY 

THE  E.  L.  POWERS  COMPANY 


E.  L.  Powers,  Pres. 


F.  W.  Baker,  Secy. 


11    WAVERLY   PLACE 
NEW  YORK.  N.  Y. 

Chas.  R.  Powers,  New  England  Mgr.,  Randolph,  Mass. 
Tel.  27  M 


Subscription   Rates:      Domestic,   $3.00  Canadian,    $4.00 

Foreign,   $4.50 

Entered  as  second-class  matter,  June  23,  1921,  at  the  post 
office  at  New  York,   N.   Y.,  under  Act  of  March   3.   1879. 


Volume  LXII 


April  26,  1922 


Number  17 


TABLE  OF  CONTENTS 

*Hisli\vaj   Uesearche.s  ami  What  the  Results  Indicate. 

By    A.    T.    Goldbeck 283 

Efficient    Methods    of    Providing*  for    Traffic    During 

Construction.      By   A.   B.   Hirst 238 

*Cost    of    Highway    Construction  .  .       .       .  242 

New  .Motor  Truck  ReRulatlons  in  New  York   .       .       .  243 

Cement  Manufacturers  «n  Trial 243 

Maintenance   of   Gravel   Roads.      By   A.   H.   Cunning- 
ham               ...  244 

Bates  Experimental  Road  Tests 245 

Types  of  Construction  on   Lincoln  Highway   in  1921  246 

Minnesota   to   Spend   $30,000,000 245 

Would  Have  State  Cement  Plant 245 

Brick    Varieties    Reduced   to   Seven 246 

Highway    I'olicy   of   Iowa   for    1922 246 

Preference    for   Ex-Servlce   Men 246 

fc  EDITORIAL:, 

B      Highway   Research 241 

Hie: 

I 


SETINGS: 

Calendar 246 

f  Dixie   Highway   As,sociation 246 

5R.SONAL    MENTION 246 


FREE 

INFORMATION,  SPECIFICATIONS 
AND  LITERATURE,  EXPERT  EN- 
GINEERING  ADVICE    ABOUT 

GRANITE 

FOR 

PAVING  and  CURBING 


The  Granite  Paving  Block  Mf  grs. 
Association  of  the  U.  S.  Inc. 


31  State  Street 


BOSTON,  MASS. 


REPRESENTING 

The  World's  Greatest  Granite  Quarries 


*niu«trated  Article 

When  Writing  Advertisers  Please  Mention  GOOD  ROADS 


PKRFKCT  APPLTCATION 

HEATER  and  DISTRIBUTOR 

will  heat  and  apply  all  varieties  of  bituminous  products 

now    in    use    for    road    construction    and    maintenance. 

GET   OUR   CATALOG 

KINNEY  MANUFACTURING  CO. 

BOSTON,     MASS. 

Neiw  York  Houston  Chicago  San  Frandaco 

Kansas  Caty  Philadelphia 


GOOD     ROADS 


April  26,  1922 


Nit    iiii;liwa>     ril-    t 

^inctrr  or  road  of-  j 
hcial    should    b<-  ; 
«-ithout    a    copv  j 
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mile  of  good  roads  will 
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immense  costs  of  dis- 
tribution and  trans- 
inirtation — that  mean, 
miawingexpense  which 
doubles  the  price  of 
virtually  everything 
we  buy." —  Collier's 
IFeekly. 


What  did  the  Winter 
do  to  Your  Roads? 


In  communities  where  the  an- 
nual Spring  thaw  turns  roads 
into  mires  of  soggy  mud,  Spring 
is  a  season  of  discomfort  and 
isolation. 

Throughout  the  country,  there 
are  still  thousands  of  such  com- 
munities. Perhaps  yours  is  one 
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at  the  top  of  the  page  is  typical 
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traffic-proof  Tarvia  top. 
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economy  as  a  maintenance  ma- 
terial for  hard-surfaced  roads 
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ures and  pictures. 
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Repair  and  Maintenance 


Special  Service  Department 
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Highway  Researches  and  What  the  Results 

Indicate' 


m- 


By   A.   T.   GOLDBECKt 

(Continued  from  last  issue) 

We  must  not  forget  the  possibility  of  slabs  being 
warped  owing  to  moisture.  It  is  a  well  known  fact 
that  concrete  expands  and  shrinks  upon  being  wetted 
and  dried.  Experiments  made  at  the  Bureau  of  Pub- 
lie  Roads  several  years  ago  showed  that  from  a  wet 
condition  to  a  condition  of  extreme  dryness,  obtained 
after  three  months'  hardening  in  a  dry  atmosphere, 
concrete  will  shrink  from  .05  to  .06  in.  per  inch  of 
lengtli,  approximately  the  same  amount  of  shrinkag'' 
that  would  be  expected  from  a  fall  in  temperature  of 
100°  F.  Conci-ete  laid  on  a  subgrade,  however,  will 
not  be  subjected  to  this  extreme  range  because,  al- 
though tlie  surface  is  subjected  to  rapid  drying,  the 
concrete  is  in  contact  with  a  moist  subgrade.  There 
is  certainly  a  possibility,  however,  of  a  difference  in 
expansion  at  the  top  and  bottom  of  the  slab,  since  the 
bottom  is  apt  to  be  subjected  to  more  uniform  mois- 
ture conditions  owing  to  its  contact  with  the  subgrade. 
he  top,  on  the  other  hand,  is  subjected  to  the  extreme 
ranges  of  wetness  and  dryness. 

Referring  to  Fig  XV,  let  it  be  assumed  that  the 
moisture  coefficient  of  expansion  is  0.00025,  a  figure 
much  less  than  the  extreme  expansion  possible.  If  in 
an  18-ft.  pavement,  8  in.  thick,  such  a  slab  will  be 
deflected  0.182  in.,  the  sides  will  be  raised  tliis  amount. 
The  dead  load  stress  due  to  the  weight  of  the  slab 
alone  will  bend  the  ends  down  0.094  in-  and  will  pro- 
duce a  stress  of  380  11).  per  square  inch,  and  if  the 
sides  of  the  slab  were  bent  down  by  traffic  there  would 
be  an  additional  stress  of  271  lb.  per  square  inch,  or 
a  total  of  651  lb.  per  square  inch.  Again,  it  is  seen 
that  there  is  the  possibility  by  stress  tending  to  pro- 
duce longitudinal  cracking  owing  to  moisture  effects 
alone.  Similarly,  there  is  possibility  of  high  stress 
owing  to  the  warping  up  of  the  corners  of  the  slab 
due  both  to  moisture  and  to  temperature.  This  is 
illustrated  in  Fig.  XVI. 


Let  me  emphasize,  however,  that  these  are  theo- 
retical considerations  which  may  or  may  not  obtain 
in  the  pavement.  There  are  several  phenomena  which 
tend  to  alleviate  the  severe  stress  conditions  indicated 
by  the  theoretical  calculations.  Thus,  the  subgrade 
support  is  much  more  widely  distributed  than  assumed 
in  these  calculations.  Again,  the  phenomenon  of 
"flow"  of  concrete,  which  has  been  investigated  in 
the  Bureau  of  Public  Roads  and  elsewhere,  would  per- 
mit the  gradual  yielding  of  the  concrete  back  into 
contact  with  the  subgrade  without  the  production  of 
as  high  a  stress  as  indicated.  Nevertheless,  the  possi- 
bility of  high  stresses  exists  due  to  warping  and  should 
be  very  carefully  considered  in  the  design  of  pave- 
ments. 


•Paper  presented  at  annual  convention  of  the  American 
Koad  Builder.s'  Association. 

tChief,  Division  of  Tests,  U.  S.  Bureau  of  Public  Roads, 
Washington,  D.  C. 


Investigations  of  the  Subgrade 
Let  us  next  look  into  the  influence  of  the  subgrade 
on  the  design  of  pavements  and  consider  some  of  the 
investigations  that  are  being  carried  on  to  determine 
how  to  take  this  influence  into  account.  We  are 
all  well  aware  that  there  is  a  very  great  variety  of 
soils  throughout  the  country  in  which  the  physical 
characteristics  and  chemical  composition  vary  through 
a  wide  range.  The  chemical  composition,  of  course, 
must  vary  as  widely  as  that  of  the  rocks  from  whose 
disintegration  the  soil  has  resulted.  The  physical 
characteristics  are  evident  in  a  rough  way  even  with 
the  most  casual  observation.  For  our  purpose  we  con- 
sider that  soils  are  made  up  of  particles  of  various 
sizes  extending  all  the  way  from  gravel  down  through 
sand,  silt  and  clay,  even  to  particles  known  as  ultra 
clay,  which  are  so  very  fine  that  when  stirred  up  in 
water  they  will  never  settle  to  the  bottom.  Imagine, 
if  you  will,- a  soil  made  up  of  these  extremely  finely 
divided  particles-  Such  a  soil  when  saturated  with 
water  would  have  no  inherent  stability  and  would 
support  practically  no  load  at  all,  but  as  more  and 
more  coarse  particles  are  mixed  with  such  a  material 
it  can  readily  be  imagined  that  such  particles  would 
furnish    a    skeleton    structure   through   their   arching 
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CASE  I-a,       Beam  S'xI'xS! 

^'  54-V^_— -:rS5l^    1  Deflection  due  to  weight  of 

T^  A50XS4X  54- >^  54  x|2 

f«.0058  oj  an  inch.  8x3000000x8x8x6x12 

Stress   produced  by  weight  of   beam- 

S-  ^r  •  r»Y»y»a1.iz'      S-  95  lb,,  per  e,.  in. 

The  load   required   to  cause  the  remaining 
deflection  of. 03"  _,    .^fEI  _  3  x. 03x3000000x12x8  x8x  a 
P»  878  lbs.  P'^lT"      54x54x54x12 

The   stress   produced   by   a    load  of  878  lbs. 
Pic.   878  X  54  X  4  X  12 
I     "      8x8x8x12 
5=   370    lbs.   per   sq.   in. 
Total     stress    is    95  +  370  = 
465    lbs.   per    sq.   in. 

XrV'.     CALCULATION    OF    STRESS    DUE    TO    WARPING 
OF  9'   X   8"   SLAB. 

CASE  H  -  Stress  Produced  by  Deflecting  the 

CORNER    OF   AN    6  IN.  THICK    CONCRETE    SLAB    TO 
rrS    LOWEST    POSITION.    AFTER    THE    END    HAS 
WARPf  D     UPVyARD    .055    OF   AN    INCH. 

Initial  stress   due  to  weight  of  concrete:- 
WL?^  100X60X60  ^  33  ,^ 

^     d2       144 X  8X8        ^^       ^-  P  "' 


C  =  L. 


R.-£i-      Rgd-n^dxL 

f^  am*   L^dL'f^'^tr 

By   substitution:-  d^t  -  _L_ 


dL 


dxLxSxm  _  Qdm      a  it  a  k   ni'^Tc;  , 

— le ir~=       60         --Q'^"^- 

Stress  «  unit  deformation  times   the 
modulus  of  elasticity:-.'.  5=|^xE- 
^1^  X  3000000  =  -735  ,b3.  per   sq.  in. 


60 
.m  =.01 375" 

d«fl" 
f^055^L 

XV.     CALCULATION    OP    STRESS    DUE    TO    MOISTURE 
CHANGES. 


Total   stress   is  735  +  39- 
774  lbs.  per   sq.  inch. 


Case  hi  -Stress  produced  by  deflecting  the  end  of  an  id 
Kr»8' Concrete  Beam  to  its  original  shape  after  it  had 

BEEN    WARPED    BECAUSE  OF   DIFFERENCE    OF    MOISTURE  CONTENT 
BETWEEN     TOP   AND    BOTTOM.  dL'C'L,         c'- Unit  change 

D..Ci      R.  dxju-    r.\_        in    length    between   top  and 
8m"  dL  '  bottom  fibres  -  .00025. 

,  \  By   substitution:     m.  ^^  .00025  x  216^216  ^  ,3^  .^^^ 

^■^^  mL..^VBl  Assuminq   the   beom   to  be  supported   at  the  center 

/j       T     ^^         each    half   becomee   a   cantilever  of  length  •  108  ins. 
Jj"*— I— Deflection  due  to  weight  of  beam 


A 


Wi'     900  »  10a  »  106  »  106  "12 
'*EI   '  8»3000000»8«8»8''I2 


f  ».094  of  on  inch. 

Stress    produced    bg  weight  of  beam:- 


W-90Q^,62 


WX       51  • 

-T'T- 


Wlc 


S  •  3S0  lbs.  per  eq,.  Inch 


The    remoining   deflection   of  .086  of  an  inch   will   be  accompanied 
toll  a   stress    of   Z7I   lbs.  per  sq.  in.   and    was  found    from    the 
formula:-  ^^ 

Total  »trc**  will   be   380 -t  271  '.GSI  lbs.  per  square   Inch. 
XVI.     CALCULATION    OF    STRESS   DUE    TO   WARPING 
OP   CORNERS. 


over  aud  intimate  contact  and  such  a  soil  would 
then  have  some  stability  even  when  wet. 

In  the  laboratory  we  have  been  analyzing  by 
means  of  physical  tests  a  number  of  samples 
of  soil  which  have  been  taken  from  road  fail- 
ures as  well  as  from  road  successes-  Briefly, 
these  tests  are  as  follows: 

(1)  Mechanical  Grading.  The  soil  is  ana- 
lyzed to  determine  the  range  of  sizes  of  its 
various  particles.  This  is  done  by  first  boiling 
a  25-gram  sample  of  the  soil  in  water  for  a 
few  minutes,  allowing  it  to  stand  for  24  hours, 
thoroughly  breaking  it  up  and  agitating  it, 
allowing  the  liquid  to  settle  for  8  minutes,  then 
pouring  off  the  supernatant  liquid-  Washing 
and  settling  are  repeated  until  the  supernatant 
liquid  is  clear.  The  sample  remaining  after 
washing  contains  silt  and  particles  larger  than 
this.  The  dried  sample  is  then  passed  througli 
the  Nos.  200,  100,  50,  and  20  mesh  sieves,  that 
passing  the  No.  200  being  recorded  as  silt,  and 
that  above  as  sand.  The  clay  and  ultra  clay 
are  contained  in  the  water  used  for  washing 
the  sample.  This  is  thoroughly  agitated  and 
the  sample  is  placed  in  a  centrifuge  and  whirl- 
ed for  half  an  hour  at  a  speed  of  fifteen  hun- 
dred revolutions  per  minute,  thus  preciptating 
the  clay  but  not  the  ultra  clay,  which  remains 
suspended  in  the  liquid.  The  ultra  clay  is 
recovered  by  pouring  oif  this  liquid  and  evap- 
orating it  to  dryness-  Thus  there  has  been  de- 
termined the  percentages  of  clay,  ultra  clay, 
silt,  and  the  various  percentages  of  sand 
particles. 

(2.)  Water-weight — Tests  are  also  made  for 
the  so-called  water  holding  capacity  of  soils 
by  immersing  a  sample  of  the  soil  and  obtain- 
ing the  weight  of  water  taken  up  by  the  sample. 
This  varies  tremendously,  depending  very 
largely  on  the  grading  analysis  of  the  soil. 

(3.)  Moisture  Equivalent.  The  moisture 
equivalent  of  a  soil  as  determined  in  our  labora- 
tory is  the  percentage  of  moisture  retained  by 
the  soil  when  subjected  to  a  centrifugal  force 
equal  to  about  750  times  the  force  of  gravity 
for  a  period  of  one  hour.  In  this  test  the 
sample  is  allowed  to  take  up  moisture  by  capil- 
larity and  is  placed  in  a  perforated  container 
so  that  when  whirled  in  the  centrifuge  the  ex- 
cess water  will  be  thrown  away  from  the 
sample.  After  centrifuging  for  one  hour,  the 
sample  is  again  weighed  and  the  weight  of 
water  remaining  when  converted  into  percent- 
age is  the  moisture  equivalent.  This  is  a  very 
important  test  as  the  moisture  equivalent  seems 
to  be  a  very  good  indication  of  the  bearing 
value  of  a  soil  and  is  likewise  a  good  indication 
of  the  difficulty  of  draining  it. 
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(,4.)  Vertical  Capillarity.  Water  will  c^  unb 
vertically  tlirougli  soils  in  much  the  same  way 
that  oil  is  lifted  through  a  lamp-wick,  by  the 
force  of  capillarity,  and  some  oils  have  the 
power  of  drawing  water  from  quite  a  consider- 
able depth.  The  test  for  rate  of  capillarity  is 
made  by  noting  the  time  required  for  water 
to  climb  through  a  sample  of  soil  held  in  a 
glass  tube,  the  height  of  the  sample  being  twen- 
ty centimeters.  The  capillary  action  of  soils  is 
exceedingly  important  in  connection  with  their 
drainage.  Some  of  the  finely  divided  soils  are 
capable  of  high  lifts,  while  some  of  the  granu- 
lar or  sandy  soils  have  very  little  power  of 
vertical  capillarity. 

(5.)  Volumetric  Change.  This  is  a  test  to 
determine  how  much  shrinkage  takes  place  in 
the  soil  from  its  saturated  to  its  dry  condition. 
It  will  readily  be  understood  that  this  is  a 
most  important  property  of  soils,  for  if  the  sub- 
grade  dries  out  unequally  and  therefore  shrinks 
unequally,  as  it  does  in  a  great  many  case.s, 
unequal  support  is  offered  to  the  road.  There 
are  instances  in  which,  owing  to  the  subgrade 
shrinking  at  the  the  sides  of  the  road,  there 
has  been  actual  separation  of  an  inch  or  more 
between  the  road  surface  and  the  underlying 
subgrade.  And  soils  such  as  these  cannot  be 
depended  upon  to  offer  adequate  support  even 
when  they  are  dry. 

(6.)  Comparative  Bearing  Value.  The  most 
important  property  of  soils  is  their  bearlnjf 
value  or  their  ability  to  support  loads  without 
much  yieldiag.  When  we  consider  that  the 
wheel  loads  on  some  of  our  big  motor  trucks 
may  be  10,000  and  more,  we  can  readily  see 
why  it  is  important  that  soils  must  be  capable 
of  supporting  high  loads  without  yielding-  In  the 
laboratory  this  property  is  determined  by  preparing? 
samples  of  soil  with  various  percentages  of  water- 
subjecting  them  to  definite  compaction  by  means  of 
pressure  and  then  testing  them  in  a  special  machine 
in  Avhich  a  plunger  having  1  sq.  in.  of  area  is  loaded 
by  a  gradually  increasing  load,  and  simultaneous  load 
and  penetration  readings  are  taken  during  the  test. 
For  comparative  purposes  the  bearing  value  of  the  soil 
is  taken  as  that  load  in  pounds  per  square  inch  re- 
quired to  produce  a  penetration  of  0.10  inch. 

(7.)  Adsorption  Test.  It  is  believed  that  the  ex- 
tremely finely  divided  particles  which  are  known  as 
ultra  clay  have  considerable  to  do  with  giving  the  soils 
their  plastic  properties,  and  it  appears  that  ultra  clay 
from  various  types  of  soils,  varys  widely  in  its  charac- 
teristics- It  is  no  doubt  true  that  even  these  extremely 
finely  divided  particles,  so  fine  that  they  will  remain  in- 
definitely suspended  in  water,  have  a  wide  range  of  size 
in  just  the  same  way  that  sand  is  composed  of  widely 
varying  sizes,  and  this  may  account  for  the  different 
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XVIII.      CURVE    OF   PRESSURE   DISTRIBUTION   IN 
SAND. 

properties  of  colloidal  or  ultra  elay.  The  so-called  ad- 
sorption test  is  in  some  degree  a  measure  of  these  dif- 
ferent properties  of  ultra  clay.  Finly  divided  particles 
have  the  ability  to  decolorize  dye  solutions,  some 
samples  very  much  moVe  than  others,  and  the  adsorp- 
tion test  is  made  by  determining  the  amount  of  dye 
which  can  be  decolorized  by  allowing  it  to  filter  through 
a  given  sample.  That  sample  which  has  the  highest 
adsorption  is  likely  to  render  the  soil  most  plastic. 

These  laboratory  tests  have  been  made  on  a  number 
of  samples,  but  we  are  not  yet  prepared  to  say  definite- 
ly what  range  of  characteristics  of  soils  corresponds 
with  their  behavior  iii  the  field.  That  there  is  an  ex- 
tremely wide  range  is  well  illustrated  in  Fig.  XVlL 
which  shows  the  comparative  bearing  value  of  three 
typical  soils.  Note  the  extremely  wide  range  of  bear- 
ing value  of  these  soils,  depending  upon  their  physical 
characteristics.  Note  that  although  one  soil  has  prac- 
tically no  bearing  value  when  it  is  saturated,  the  best 
soil  has  quite  a  high  bearing  value.  Soil  such  as  the 
one  indicated  by  the  lower  curve  would  certainly  give 
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trouble  in  the  subgrade  of  a  road  if  it  became  saturated 
with  water,  whereas  the  topmost  soil  would  no  doubt 
give  very  good  results. 

In  order  properly  to  understand  how  the  bearing 
value  of  the  subgrade  might  influence  the  design  of  a 
non-rigid  surface,  such  as  gravel  and  bituminous  ma- 
cadam, it  will  be  necessary  to  know  something  of  the 


manner  in  which  pressures  are   distributed  through 
such  surfaces  to  the  subgrade. 

The  curves  given  in  Pig.  XVIII  show  how  pressures 
would  be  distributed  directly  on  the  subgrade  under 
the  wheel  of  a  heavy  truck.  These  particular  tests 
were  made  by  measuring  the  pressures  under  layers 
of  sand  from  6  in.  up  to  5  ft.  in  thickness,  the  two 
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curves  shown  being  those  for  the  24- 
in.  and  12-in.  layers.  The  point  to  be 
observed  in  these  curves  is  the  fact 
that  when  tie  layer  of  sand  is  only 
12  in.  thick  as  compared  with  24  in. 
thick,  there  is  a  much  higher  intens- 
ity of  pressure  under  the  load.  We 
found  that  when  the  layer  of  sand 
was  5  ft.  thick  the  pressures  were 
widely  distributed  and  were  of  very 
low  intensity.  The  lesson  to  bo 
learned  from  this  is,  of  course,  that 
the  thinner  the  road  surface  the 
higher  will  be  the  intensity  of  pres- 
sure on  the  subgrade,  and  if  tlie  sub- 
grade  is  soft  it  becomes  very  evident 
why  we  must  bave  a  thick  road  sur- 
face in  order  properly  to  distribute 
the  pressure  and  at  the  same  time 
reduce  the  intensity  of  pressure  so 
that  it  will  be  less  than  the  bearing 
value  of  the  subgrade  material.  Sub- 
grade  material  of  high  supporting 
value,  on  the  other  hand,  will  per- 
mit of  the  use  of  a  thinner  wearing 
surface  because  a  higher  intensity  of 
pressure  will  be  permitted  on  tbe 
subgrade- 

Drainage  Investigations 

It  lias  been  nieutioncd  that  the  water  content  of  the 
soil  greatly  influences  the  bearing  value,  and  it  is  higli- 
ly  important,  therefore,  that  every  possible  precaution 
bi'  taken  to  reduce  the  percentage  of  water  in  the  sub- 
grade  to  a  minimum.  A  series  .of  tests  has  been  under 
way  at  xVrlingtou  for  several  years  in  which  ten  dif- 
ferent drainage  experiments  have  been  made.  The 
details  of  these  experiments  are  shown  in  Fig.  XIX. 

Careful  level  readings  were  taken  on  the  concrete 
slabs  in  the  ten  sections  indicated  in  Fig.  XIX.  The 
variations  in  level  of  these  slabs  are  shown  in  Fig.  XX. 
It  will  be  necessary  to  study  these  in  detail  in  order 
to  see  the  various  effects,  and  it  can  merely  be  pointed 
out  here  that  there  is  considerable  difference  in  the 
movements  of  the  slabs  depending  upon  the  drainage 
ol'  the  subgrade. 

Apparently  Section  No.  4,  having  a  sub-base  of 
screened  gravel,  was  as  little  affected  as  any  of  the 
sections-  One  very  interesting  phenomenon  brought 
out  by  these  tests  is  illustrated  in  Fig.  XXI.  Without 
going  into  detail  it  is  very  evident  that  freezing  of 
the  top  layers  of  soil  has  an  effect  in  increasing  the 
moisture  content  of  these  layers  and  in  decreasing  the 
iiioisture  content  in  the  layers  immediately  below  the 
frozen  portion. 

Evidently  freezing  has  the  effect  of  withdrawing 
moisture  from  the  underlying  layers  and  concentrating 
it  in  the  frozen  layers.  This  possibly  accounts  for  the 
extremely  high  moisture  content  under  road  surfaces 
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in  the  spring  of  the  year.  This  series  of  tests  is  not 
completed  yet  and  will  be  carried  on  further  in  the 
field,  and  it  is  hoped  that  finally  there  will  be  evolved 
efficient  methods  of  drainage  of  different  types  of  soils 
under  various  conditions  of  topography.  It  is  need- 
less for  me  to  point  out  that  there  are  still  innumer- 
able problems  to  be  solved,  many  problems  other  than 
those  dealing  merely  with  the  structural  design  for 
we  have  just  begun  to  touch  the  field  of  road  economics. 

One  very  important  research  which  we  are  now 
undertaking  deals  with  the  study  of  the  elimination  61 
the  causes  of  shoving  and  creeping  of  bituminous  pave- 
ments. This  is  being  undertaken  in  cooperation  with 
The  Asphalt  Association  by  procuring  samples  of  as- 
phalt pavements  which  have  shoved  under  traffic. 
These  samples  are  now  being  sawed  into  the  proper 
shape  and  will  soon  be  subjected  to  laboratory  investi- 
gations- In  addition  to  this,  a  field  test  is  being  con- 
structed in  which  a  motor  truck  will  be  riin  around  *» 
circular  track  composed  of  a  number  of  different  types 
of  asphalt  sections  and  the  behavior  of  these  sections 
will  be  noted  under  traffic-  New  series  of  slalxs  have 
likewise  been  laid  at  Arlington  Farm,  comprising  a 
number  of  reinforced  concrete  sections  and  a  number 
of  sections  with  bituminous  tops.  These  will  be  sub- 
jected to  impact  in  much  the  same  manner  as  I  have 
described. 

Another  investigation  whi-ch  promises  important  re- 
sults is  that  of  the  causes  and  elimination  of  corrugat- 
ing or  "washboarding"  of  gravel  road  surfaces.  Par- 
ties have  been  in  the  field  during  the  past  summer 
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ill  Maino.  New  Hampshire,  Massachusetts,  Connecticut, 
New  Jersey.  Wisconsin,  and  Micliigan.  Under  the  ac- 
tion of  traflSc,  corrugations  form  in  many  gravel  roads, 
the  distance  between  the  crests  of  the  waves  being 
25  to  36  in.  and  witli  a  normal  maximum  height  of  1.5 
in.  It  seems  to  be  the  case  that  such  corrugations  very 
readily  develop  in  gravel  surfaces  under  30  ft.  in  width 
under  a  trafiSc  more  than  than  400  vehicles  per  day, 
and  much  depends  upon  the  character  of  the  gravel 
and  its  binding  material. 
It  will  be  noted  that  the  experiments  which  have 


been  described  aim  to  establish  fundamental  principles 
hi  connection  with  the  design  of  roads.  As  you  all 
well  know,  in  the  past  too  little  thought  has  been  given 
to  the  various  conditions  which  should  be  taken  into 
consideration  in  deciding  upon  a  proper  road  design. 
Too  much  reliance  has  been  placed  upon  the  behavior 
of  an  apparently  similar  road  which,  however,  may  be 
subjected  to  entirely  dissimilar  conditions.  Let  us  es- 
tablish the  art  of  road  building  as  an  exact  science 
and  to  this  end  let  us  obtain  and  use  the  underlying, 
fundamental  facts. 


Efficient  Methods  of  Providing  for  Traffic 
During  Highway  Construction* 


By  A.  B.  HntSTf 


Many  of  us,  working  in  our  small  individual  fields 
of  liighway  work  are  a  little  apt  to  lose  sight  of  the 
fact  that  during  these  last  few  years  and  in  the  years 
to  come,  we  are  going  to  live  through  one  of  the  great- 
est romances  of  all  engineering  history.  We  are  too 
apt  to  localize  our  viewpoint  to  our  especial  field  in 
this  work,  but  it  is  true  that  in  these  American  states 
we  are  undertaking  the  greatest  engineering  enter- 
prises in  the  history  of  the  world,  in  this  attempt  to 
build  a  highway  system.  The  Bureau  of  P^jblic  Roads 
says  that  we  are  going  to  spend  on  federal,  state  and 
county  highway  work  this  year,  $700,000,000.  This 
is  a  lot  of  money  and  in  the  expenditure  of  it,  we,  as 
engineers,  are  expected  to  see  that  it  is  honestly  and 
well  done,  but  we  feel  in  Wisconsin  that  life  is  not 
worth  living  unless,  as  you  go  tlirough  it,  in  addition 
to  perfonning  that  work  which  we  must  perform,  we 
get  some  pleasure  out  of  it-  After  all,  as  we  pass 
through  life,  we  engineers  can  never  hope  to  gain  any 
money.  The  only  thing  we  can  gain  is  the  conscious- 
ness of  doing  well  those  things  we  have  to  do  and  to 
have  a  little  fun  and  pleasure  as  we  go  through  with 
our  work. 

The  difficulty  which  we  will  have  in  building  up  this 
highway  system  is  not  in  its  essentials,  a  difficulty  in 
regard  to  performing  the  work  itself.  Not  to  brag 
abont  it  at  all  except  to  indicate  the  magnitude  of  these 
accomplishments  in  these  great  middle  western  states- 
In  1921  we  built  in  Wisconsin  3,600  mi.  of  road,  in- 
cluding 340  mi.  of  concrete,  and  2,300  mi.  of  gravel, 
and  incidentally,  we  threw  in  800  bridges  over  10  ft. 
ill  span.  Bat  these  things  did  not  bother  us  at  all. 
The  thing  which  bothered  us  and  which  bothers  all 
of  us  is  the  attitude  of  the  public  toward  this  great 
public  enterprise.  The  railroads  in  the  five  years  be- 
tween 1879  and  1884  built  several  thousand  miles  of 


*Paper  presented  at  Eighth  Annual  Conference  on  High- 
way Engineering  at  the  Unlyeralty  of  Michigan. 
tfitate  Highway  Engineer  at  Wisconsin. 


railroad  but  they  did  not  build  within  that  period  one 
quarter  of  the  highway  mileage  that  we  are  building 
during  the  present  five  years  and  they  did  not  spend 
one-fourth  of  the  money.  The  paid  engineering  talent 
quite  well  in  those  days.  Tliey  turned  them  loose  on 
the  construction  and,  in  general,  the  construction  was 
performed  as  a  straightforward  engineering  matter. 

While  we  are  drifting  somewhat  away  from  the  sub- 
ject, I  wish  to  say  that  the  most  important  American 
highway  problem  today  is  whether  we  can  educate  the 
American  people  to  appreciate  the  magnitude  and  the 
importance  of  this  job-  Prof.  Blanchard  kindly  stated 
that  I  was  a  fighter  for  higher  salaries.  I  am,  I  have 
been,  and  I  always  will  be.  Not  because  I  want  more 
money  myself  but  when  the  State  of  Wisconsin  is  spend- 
ing $30,000,000  and  every  other  American  state  of  any 
wealth  is  likewise  spending  millions,  it  has  became  a 
matter  of  the  greatest  importance  that  this  money  be 
spent  honestly  and  well  by  engineering  organizations 
of  skill  and  efficiency.  After  all,  the  people  of  the 
states  are  going  to  get  just  about  what  they  pay  for 
and  the  counties  the  same,  and  so,  also  the  smaller 
governmental  divisions. 

The  best  paid  highway  organization  in  the  United 
States,  considering  relative  responsibilities,  are  some 
of  the  county  highway  organizations.  The  next  best 
or  I  should  say  worst,  paid  are  the  state  organizations, 
and  the  very  worst  paid  are  the  Federal  men.  Our 
good  friend,  Thos.  H.  MacDonald,  a  wonderful  man 
and  engineer,  receives  the  munificent  compensation 
of  $6,000  a  year.  We  must  by  every  means  in  our 
power  fight  for  progress  in  this  matter.  We  must 
fight  for  the  proper  standards  of  organization  and  effi- 
ciency- We  must  concentrate  upon  this  and  "ding" 
at  it  insistently  because  if  we  are  going  to  spend  at 
the  rate  of  $700,000,000  a  year  and  more  for  highways, 
the  organizations  which  spend  it  can  not  be  too  effi- 
cient, and  efficiency  is  just  another  word  for  well-paid 
organizations. 
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The   politicians  in  America   have  played  with   the 
highway  game  for  several  years.    Some  of  them  havo 
found  that  it  is  a  very  expensive  thing  and  a  danger- 
ous thing  to  play  with  and  those  states  are  clearing 
up.     But  until  the  governors  of  all  the  states  learn 
that  here  is  one  thing  which  they  can  not  afford'  to 
meddle  with  in  a  political  way,  the  American  people 
will  continue  to   have  very  expensive  lessons.     As  a 
matter  of  fact,  it  is  astounding  they  have  not  gotten 
worse  than  they  have  so  far.     It  speaks  well  for  the 
honesty  and  efficiency  of  the  engineering  profession 
whicli  has  given  to  the  states  and  counties  the  service 
which  they  have  received,  at  the  price  they  have  paid. 
We  are  meeting  in  the  engineering  field  a  very  severe 
competition  from  contractors  and  material   and   ma- 
chinery  companies.     The  state  legislatures   have  not 
aAvakened  to  the  fact  that  this  is  about  the  sole  public 
enterprise  in  which  the  state  and  counties  are  in  a 
competitive  field.    They  are  so  used  to  having  as  offi- 
cials, largely  men  who  could  not  make  a  living  in  any 
other  way,  that  it  has  gone  down  the  line  that  a  man 
who  is  employed  by  the  public  must  necessarily  be  a 
loafer,  a  grafter  or  an  incompetent-    We  must  teach 
and  preach  that  this  highway   enterprise  is  entirely 
different  from  the  ordinary  run  of  public  offices,  which 
are  usually  held  in  America  either  by  men  who  have 
been  or  by  men  who  hope  to  be-    We  want  the  highway 
field  to   be  covered  by   "is-ers."     We  are  trying  to 
build  up  organizations  which  will  be  a  permanent  field 
of  service  for  the  life-wol-k  of  young  men,  and  if  wo 
are  going  to  attract  the  best  young  men  we  must  offer 
tlie  proper  environment  in  which,  they  are  to  work. 
In  talking  liighways  we  are  too  apt  to  think  of  high- 
vFiiys  in  terms  of  specific  details.     The  romance  of  th<; 
highway  game,  the  thing  which  keeps  me  in  it  16  hours 
a  day,  is  the  fact  that  we  are  seeing  develop  before 
our  eyes,  the  greatest  growth  of  transportation  ever 
known  in  the  history  of  the  world,  and  we  are  sup- 
posed to  take  care  of  it  from  day  to  day  and  from 
year  to  year.     We  have  in  Wisconsin  approximately 
350,000  motor  vehicles.     They  travel  over  our  high- 
ways 1,250,000,000  mi.  a  year.     If  we  can  save  theni 
one  cent  a  mile,  it  wold  mean  a  $12,500,000  a  year 
saving  to  this  traffic.     When  I  started  out  in  the  high- 
way game  something  like  14  years  ago  in  Maryland 
when  we  had  few  automobiles,  we  built  waterbound 
macadam  roads  at  a  cost  of  about  $4,000  a  mile  and 
we  thought  they  would  last  forever-    The  &ame  kind 
of  a  highway  that  we  built  in  Maryland  would  last 
about  two  weeks  on  one  of  our  main  traveled  roads 
today.    This  mass  of  transportation  service  which  we 
must  oversee,  exceeds  the  railroad  transportation.    We 
accommodate  more  passengers  than  all  the  railroads 
in  Wisconsin  combined,  ten  to  one.     All  kinds  of  rail- 
road trains  run  13,000,000  miles  a  year  in  Wisconsin 
and  our  motor  vehicles  run  1,250,000,000,  so  you  see 
it  has  become  a  problem  of  magnitude.     We  must  build 
highways  as  fast  as  we  can  get  our  taxpayers  to  pay 


for  them.  We  must  recognize  the  fact  that  highway 
traffic  is  the  thing  to  be  served  and  that  the  details 
as  to  whether  we  build  1,000  or  3,000  miles  each  year 
is  rather  immaterial.  The  thing  to  get  hold  of  is  the 
matter  of  serving  traffic,  not  five  years  from  now  but 
right  now. 

In  Wisconsin  we  started  in  1918  by  taking  over  a 
system  of  5,000  mi.  of  highways  just  in  the  condition 
it  happened  to  be  in.  We  have  maintained  them  from 
that  time,  adding  2,500  mi-  two  years  ago.  In  addi- 
tion our  counties  are  maintaining  5,000  mi.  of  secon- 
dary roads,  making  a  total  of  12,500  mi.  of  road  main- 
tained in  Wisconsin  under  the  patrol  system.  We 
spent  last  year  $4,000,000  for  maintenance  and  $24,- 
000,000  for  construction,  but  if  I  had  to  stop  either 
construction  or  maintenance,  I  should  see  that  the 
maintenance  was  kept  up,  because  in  that  way  we 
can  accommodate  a  greater  number  of  people.  When 
we  took  over  the  system  in  1918,  a  man  could  average 
about  15  mi.  an  hour  in  the  summer  season.  Today  we 
divide  the  distance  by  25  and  tliat  is  the  number  of 
hours  it  takes  to  cover  the  distance,  and  we  can  even 
do  a  little  better  in  some  sections.  Michigan  has  du- 
plicated these  results  and  so  has  Minnesota.  We  havo 
all  simply  tried  to  do  the  best  we  could  with  what  we 
happened  to  have  when  we  took  over  the  systems. 

I  have  often  said  that  the  minute  a  state  or  a  county 
adopts  a  system  of  highways  which  it  says  it  is  going 
to  construct  some  time,  upon  that  day  it  must  take 
over  the  maintenance  of  that  system.  Some  of  the 
Eastern  states,  on  the  other  hand,  have  been  building 
a  highway  system  for  decades.  They  have  almost  fin- 
ished them  now  and  there  has  never  been  a  period  in 
the  meantime  that  one  could  go  from  one  end  to. the 
other  of  those  states  without  getting  stuck  in  the  mud 
at  the  proper  seasons  of  the  year.  The  states  main- 
tained the  roads  they  had  built  but  the  roads  which 
they  had  not  built  were  not  maintained.  That  policy 
is  wrong.  Just  as  the  Michigan  Central  or  the  B.  &  0. 
or  the  Pennsylvania  seeks  first  to  get  the  traffic  through 
at  almost  any  cost,  just  so  must  the  .states  and  coun- 
ties get  their  traffic  through  first  if  they  possibly  can, 
and  it  is  surprising  what  can  be  done  if  you  will  only 
persistently  keep  after  them. 

A  concrete  road  is  a  wonderful  road.  We  have  about 
1,000  mi.  of  it-  We  biiilt  about  350  mi.  last  year  and 
we  expect  to  build  about  as  much  more  this  year.  We 
are  building  hundreds  of  miles  of  gravel  roads.  But 
although  we  started  in  highway  work  in  1907,  after 
all  these  years,  of  the  7,500  mi.  of  the  most  important 
highways,  we  have  surfaced  about  two-thirds  and  of 
the  mileage  surfaced,  less  than  13%  is  concrete.  So 
we  will  have  a  long  ways  to  go.  When  the  state  aid 
law  became  effective  in  1912  several  counties  were  op- 
posed to  it  because  "they  said  they  had  built  their 
roads  and  they  did  not  wish  to  help  other  counties  to 
build  theirs."  But  four  of  these  counties  have  bonded 
during  the  last  year  to  build  concrete  roads,  since  the 


a«o 


GOOD    ROADS 


April  26,  1922 


roads  they  had  are  uot  adequate  for  the  traffic  upon 
them.  Hence,  that  is  one  advantage  in  our  work.  It 
is  never  done-  We  have  always  either  to  rebuild  old 
highways  or  to  build  more  of  them.  But  we  can  jus- 
tify that  we  have  spent  on  roads  in  the  last  few  years 
and  we  can  also  justify  the  building  we  did  10  or  15 
years  ago. 

We  have  got  to  simply  sell  tliis  romance  of  ours. 
We  have  got  to  concert  the  people  from  thinking  of 
the  thing  merely  as  a  matter  of  dollars  and  cents. 
There  will  be  no  complaint  if  we  deliver  to  the  people 
one  hundred  cents  on  the  dollar.  Our  higliways  do  not 
come  from  a  state  highway  department  or  from  a  uni- 
versity. They  come  from  the  legislatures  of  the  states. 
They  come  from  the  county  boards  in  the  various  coun- 
ties. There  is  the  crux  of  the  situation.  There  Is 
where  the  money  is  provided  and  the  laws  made  whicli 
make  it  possible  for  us  to  build  roads  and  there  is 
where  the  conditions  under  which  we  are  to  operate, 
are  created- 

If  more  engineers  would  turn  their  attention  to  thi.s 
end  of  the  game,  the  matter  of  the  education  of  the 
public,  the  legislatures  and  county  boards,  which  after 
all  reflect  tbe  desires  and  purposes  of  the  people,  and 
possibly  a  little  less  attention  to  the  science  and  theory 
of  construction,  concentrating  themselves  upon  this  for 
the  next  three,  four,  or  five  or  ten  years  and  educatini? 
the  public  to  an  appreciation  of  this  public  work,  we 
will  get  our  results  a  good  deal  faster  and  easier.  1 
am  familiar  with  the  highway  results  in  America.  I 
know  what  we  are  doing  in  the  middle  west  and  i 
had  the  pleasure  of  taking  a  trip  tlirough  the  Eastern 
states  and  I  came  back  from  that  trip  very  well  satis 
fied  that,  after  all,  the  American  people  have  gotten 
pretty  good  value  out  of  all  they  have  spent  for  high- 
ways in  the  last  five  or  ten  years,  whether  the  roads 
were  built  of  gravel,  macadam,  concrete  or  brick.  In 
general,  they  were  giving  all  the  service  they  could 
or  expected  to  give  and  the  American  people  will  get 
out  of  them  all  they  put  into  them  and  more. 

We  have  had  too  much  worry  about  the  millions  of 
dollars  that  liave  been  wasted.  Very  few  of  them  have 
been  wasted.  States  which  like  Wisconsin  and  Minne- 
sota and  Michigan  have  built  large  mileages  of  low 
type  roads,  gravel  and  macadam,  for  which  we  have 
been  criticized,  in  most  cases  got  those  roads  complete, 
including  surfacing  and  culverts  for  less  than  the  grad- 
ing and  culvert  work  could  be  done  for  today.  They 
have  had  these  surfaces  all  these  years  and  they  will 
make  a  good  foundation  for  future  work.  They  talk 
about  some  of  our  old  concrete  roads  in  Wayne  County 
and  Milwaukee  and  others  as  having  cracked  badly. 
They  are  worth  more  now  as  a  base  for  any  other  kind 
of  pavement  we  may  wish  to  put  on  them  than  they 
cost  ten  years  ago- 
Next  after  the  necessary  education  of  public  senti- 
ment, the  most  important  thing,  in  my  opinion,  is  that 
we  should  consider  the  problem  of  proper  locations 


of  highways.  If  the  states  have  lost  anything  in  their 
lughway  investment,  it  has  been  that  we  have  not 
looked  far  enough  into  the  future.  We  have  not  lo- 
cated well  enough.  Let  us  get  into  figures.  A  high- 
way which  carries  500  vehicles  as  a  maximum  a  day 
in  the  summer  season  and  drops  off  the  rest  of  the 
year  is  a  light  travelled  highway,  but  even  on  this  high- 
way one  mile  of  extra  distance  costs  travel  over  this 
road  approximately  123,250  mi.  a  year  and  the  cost  of 
this  extra  traffic  at  10  ct.  a  mile  is  for  each  mile  the  in- 
terest at  5%  on  $246,500.  Take  the  matter  of  detours. 
The  question  is  whether  to  put  in  a  detour  or  accom- 
modate traffic  by  building  a  temporary  road  or  bridge. 
Taking  the  average  summer  road  in  Michigan  or  Wis- 
consin with  500  vehicles  a  day,  a  3-mi.  extra  detour 
means  1,500  mi-  a  day.  If  the  road  is  closed  for  90 
days,  it  means  $13,500.  Those  are  the  kind  of  figures 
we  are  dealing  with.  The  cost  of  highway  traffic  is 
paid  by  millions  of  people.  We  have  just  exactly  the 
same  problem  in  taking  care  of  this  traffic  that  the 
railroad  has  in  taking  care  of  its  traffic.  We  can  lose 
just  as  much  as  they  by  the  unskilled  handling  of 
this  traffic.  In  my  opinion,  in  many  cases,  rather  than 
to  use  a  bad  detour,  it  would  be  much  better  to  ditch 
the  old  right  of  way  and  build  a  new  road  parallel  to 
it  and  let  traffic  use  the  old  road  while  the  construc- 
tion of  the  new  road  is  going  on.  It  would  cost  the 
people  less  money,  and  the  same  is  true  of  bridges.  In 
Wisconsin  we  are  locating  the  highways  so  that,  when- 
ever possible,  we  build  the  bridge  parallel  to  or  near 
the  old  bridge,  using  the  old  bridge  while  constructing 
the  new  one.  It  is  sometimes  very  hard  to  educate 
the  people  to  that  state  of  mind.  They  do  not  realize 
when  they  are  saving  and  when  they  are  losing  money. 

I  made  the  statement  at  Omaha  that  the  state  higff 
way  department  which  was  not  being  severely  criticized 
because  of  its  drastic  relocations  and  treatment  of  dis- 
tances, curves,  and  railroad  crossings  was  failing  in 
its  duty  as  a  state  highway  department.  The  Wiscon- 
sin department  is  severely  criticized.  The  people  think 
Some  of  our  plans  are  too  drastic,  but  for  the  50  years 
between  1860  and  1910,  the  farmers  and  the  towns  of 
Wisconsin  were  so  busy  in  unrelocating  highways,  thai 
we  have  had  an  awful  time  to  catch  up  with  them.  It 
was  the  era  of  squaring  fields  and  time  after  time,  to 
the  extent  of  dozens  of  miles  we  have  bought  back 
from  the  farmer  the  old  right-of-way  on  which  the  pion- 
eers put  the  highway,  but  which  was  later  abandoned 
in  order  to  square  fields.  What  they  took  from  the 
public  for  nothing  we  are  buying  back  and  paying 
thousands  of  dollars  for.  The  location  of  gravel  roads 
is  not  quite  so  important  but  concrete  roads  cannot 
be  located  too  well.  There  is  no  reason  to  believe  that 
we  are  any  more  foresighted  now  than  we  were  five 
years  ago.  I  don't  believe  that  any  state  highway  de- 
partment con  get  away  with  a  program  of  highway  lo- 
cation which  is  too  drastic  because  before  they  do  they 
(Continued  on  page  242) 
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HIGHWAY  RESEARCH 

Looking  back  upon  the  marvelous  industrial  and 
commercial  expansion  of  this  country  during  the  past 
fifty  years,  one  is  at  once  impressed  by  the  important 
part  scientific  researcli  has  played  in  this  growth. 
Where  formerly  hit-and-miss  methods  were  employed, 
industrial  processes  are  now  based  on  scientific  knowl- 
edge obtained  by  experimentation. 

It  is  no  reflection  upon  highway  engineering  to  say 
that  the  underlj-ing  principles  of  road  design  are  not 
yet  fully  understood,  for  only  a  few  years  have  passed  . 
since  road  building  became  a  matter  of  engineering. 
Before  the  advent  of  the  motor  vehicle  the  problems  of 
road  construction  were  few.  Yet  in  a  score  of  years 
motor  treifiic  has  increased  so  that  now  approximately 
ten  million  motor  vehicles  are  traveling  on  the  nation's 
highways.  The  problems  brought  about  by  this  tre- 
mendous increase  in  traffic  have  not  been  constants, 
but  variables.  Thus  does  highway  engineering  differ 
materially  from  other  branches  of  engineering.  A  prob 
lem  in  mechanical  engineering  is  a  constant,  wherca. 
a  problem  in  highway  engineering  is  a  variable,  to  be 
solved  progressively.  When  the  highway  engineer 
bui't  roads  a  decade  ago,  he  built  them  to  serve  a  type 
and  quality  of  traffic  essentially  different  from  that 
obtaining  at  the  present  time.  The  highway  engineer 
has  been  swimming  against  the  tide  and  under  the  cir- 
cumstances has  done  remarkably  well  in  caring  for  the' 
transportation  needs  of  the  country.  Great  progress 
has  been  made  in  road  building  in  a  comparatively 
few  years. 
*    Modem  motor  traffic,  that  of  heavy  trucks  particu- 


larly, is  attended  with  many  highway  problems  diffi- 
cult of  solution.  Pavements  can  not  be  rationally  de- 
signed until  the  forces  acting  upon  them  are  thoroughly 
understood.  The  work  now  being  done  by  the  U.  S. 
Bureau  of  Public  Roads  and  some  of  the  state  highway 
departments  will  do  much  to  clarify  the  question  of 
road  design.  Elsewhere  in  this  issue  appears  the  sec- 
ond installment  of  an  article  by  A.  T.  Goldbeck,  En- 
gineer of  Tests  of  the  U.  S-  Bureau  of  Public  Roads, 
describing  the  research  work  being  conducted  by  that 
bureau.  Among  the  matters  under  investigation  are, 
influence  of  impact  of  motor  vehicles  on  road  surfaces ; 
temperature  stresses  in  concrete  pavements;  bearing 
power  of  subgrades  of  various  kinds  of  soil ;  methods 
of  draining  roads;  relative  wearing  qualities  of  differ- 
ent types  of  surfacing.  It  is  unnecessary  to  point  out 
that  a  clearer  understanding  of  these  matters  will  en- 
able road  builders  to  do  their  work  more  efficiently 
and  economically. 

Incidentally,  it  may  be  said  that  highway  research 
will  not  discover  an  "ideal"  or  "permanent"  type  of 
road  construction.  Research  will  undoubtedly  enable 
engineers  to  build  better  roads,  but  it  will  not  open 
the  way  for  the  construction  of  roads  that  will  last 
forever.  There  has  been  much  clamoring  on  the  part 
of  the  public,  especially  automobile  associations,  for 
' '  permanent ' '  roads — roads  that  will  not  wear  out.  Just 
why  motorists  should  expect  pavements  to  last  for  all 
time  is  not  apparent,  especially  in  view  of  the  fact 
that  the  vehicles  which  operate  over  these  highways 
are  relegated  to  the  junk  pile  in  a  very  few  years. 
One  never  hears  the  cry  for  "permanent"  or  "ideal" 
motor  vehicles.  It  is  taken  as  a  matter  of  fact  that 
motor  vehicles  are  subject  to  the  laws  of  matter.  And 
even  among  engineers  the  thought  sometimes  exists 
that  pavements  may  be  made  "practically  indestruct- 
ible "  To  our  mind  such  hope  is  unjustified.  Road 
research  will  open  the  way  to  the  construction  of  more 
durable  highways,  but  it  will  not  enable  engineers  to 
design  highways  that  will  endure  forever.  Highway 
research  seeks  information  "which  will  lead  to  the 
more  rational  design  of  road  systems  that  will  serve 
traffic  with  the  utmost  economy.  It  should  be  empha- 
sized that  our  roads  should  be  planned  not  only  to 
sustain  the  traffic  without  premature  failure,  but  should 
be  regarded  as  merely  an  essential  part  of  a  system  of 
highway  transportation,  just  as  a  railroad  track  is 
merely  a  part  of  a  railroad  transportation  system. 
The  roads  and  the  vehicles  traveling  over  the  roads 
should  be  so  suited  to  one  another — not  that  tlie  road 
surface  will  be  most  conserved,  and  not  that  the  ve- 
hicles will  be  able  to  travel  over  them  with  the  least 
possible  vehicle  cost — but  that  ultimate  transporation 
economy  will  result.  In  other  words,  we  have  in  mind 
that  after  all,  our  main  object  should  be  to  accomplish 
highway  transportation  with  the  least  cost  to  the  gen- 
eral public  who  are  paying  for  all  the  items  of  vehicle 
cost  and  highway  cost  involved  in  that  transportation. 
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EFFICIENT  METHODS  OF  PROVIDING  FOR 

TRAFFIC  DURING  HIGHWAY  CONSTRUCTION 
(Continued  from  page  240) 
will  be  overturned.  The  art  in  this  business  of  high- 
way construction  and  maintenance  and  location  is  to 
go  just  as  far  as  you  can  possibly  go  and  get  away 
with  it  Sometimes  some  one  goes  too  far  and  don't 
get  away  with  it.  The  thing  we  want  to  look  out  for 
is  that  we  are  steering  close  to  the  rocks  all  the  time 
in  this  matter  of  proper  location  and  proper  widths 
and  proper  types  because  only  in  that  way  can  we  bo 
sure  that  we  are  somewheres  near  right  and  that  our 
successors  will  not  criticize  us  for  being  blind  to  tho 
probable  development  of  traffic. 

We  are  all  going  more  and  more  into  maintenance 
and  into  the  things  which  accommodate  traffic.  One  of 
the  most  important  things  is  to  properly  guide  the 
traffic  and  to  do  this  we  have  published  for  several 
years  a  state  trunk  highway  map  of  Wisconsin  We 
have  issued  and  sold  each  year  over  40,000  of  them. 
In  addition  to  being  engineers  we  have  become  map 
makers  and  salesmen.  This  year  we  are  going  to 
change  our  map  so  it  will  show  the  type  of  the  higliway, 
80  that  one  can  tell  what  kind  of  a  road  he  will  find 
in  any  direction  and  can  choose  the  best  to  travel  over 
whatever  the  kind  of  weather.  Also  last  summer  we 
started  a  detour  map  service.  We  issue  this  map 
weekly.  It  shows  the  roads  under  construction  and 
roads  open  to  traffic  and  the  detours.  These  maps  wero 
posted  at  about  80  garages  and  hotels  around  the  state 
and  any  one  can  look  over  the  routes  and  find  out 
just  what  trouble  he  may  encounter  if  he  chooses  a 
certain  route  or  what  trouble  he  may  avoid  by  choos- 
ing another.  This  infonnation  comes  in  from  our  dis-  ' 
trjct  offices  on  Monday  of  each  week,  the  correctioas 
are  made  in  our  main  office  and  the  maps  are  mailed 
out  Wednesday,  so  we  give  reasonably  quick  service. 
This  public  service  is  just  one  of  very  many  new  phases 
of  highway  work. 

In  my  opinion,  of  all  the  lines  of  civil  engineering, 
(11  a  man  really  goes  into  it  with  vision)  highway  en- 
gineering offers  the  most  wonderful  opportunities  for 
true  engineering  accomplishment  that  were  offered  in 
the  history  of  mankind-  While  money  ia  a  good  thing, 
the  American  highway  engineer  who  has  lived  through 
the  Uit  decade  or  will  live  through  the  next  decade 
will  have,  when  he  is  done,  at  least  the  conviction  that 
he  has  performed  a  real  service  to  the  American  people 
and  that  counts  for  a  good  deal.  If  one  is  able  to 
die  in  the  conviction  that  he  has  really  contributed 
•omething  worth  while  to  the  development  of  these 
great  American  commonwealths,  he  will  feel  that  he 
haa  not  lived  in  vain. 


COST  OF  HIGHWAY  CONSTRUCTION 

The  long  diagram  in  the  next  column  shows  the  cost 
per  square  yard  of  laying  eight  different  kinds  of 
pavMnents  in  nine  different  sections  of  the  country 
ou  some  12,000  mi-  of  highway  completed  to  last  De- 
cember, with  the  assistance  of  federal  aid  under  the 
jurisdiction  of  the  Bureau  of  Public  Roads. 

The  cost  of  each  kind  of  pavement  varies  consider- 
ably among  the  different  geographical  districts^,  the 
most  uniform  in  this  respect  being  plain  concrete.  As 
might  be  expected  the  sand  and  clay  road  is  the  cheap- 
est, and  brick  the  most  expensive. 

With  respect  to  average  cost,  bituminous  concrete, 
plain  concrete  and  reinforced  concrete  are  very  nearly 
on  a  par.  It  is  not  true,  however,  that  that  pavement 
w^hich  is  cheapest  in  one  section  is  c"heapest  in  all.  For 
instance,  reinforced  concrete  is  cheaper  than  plain  con- 
crete in  the  west,  south,  central  and  Pacific  districts, 
but  more  expensive  in  the  five  other  districts.  While 
in  the  west,  south,  central  district,  brick  pavement  is 
cheaper  than  either  one  of  the  three  kinds  of  concrete 
pavement,  although  in  the  other  four  districts  in  which 
it  is  used,  brick  is  the  most  expensive. 
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The  tabulation  below  shows  how  the  labor  cost  in- 
volved in  the  building  of  these  pavements  and  in  the 
other  work  of  road  construction  varies  from  district 
to  district,  as  well  as  the  variations  between  occupa- 
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tions  or  trades. — ^From  "Index,"  published  by  the  As- 
sociated General  Contractors  of  America. 


THE  NEW  MOTOR  TRUCK 

REGULATIONS  IN  NEW  YORK 

Governor  Miller  of  New  York  has  signed  two  bills 
passed  by  the  1922  legislature  whic-h  contain  new  and 
drastic  regulations  in  regard  to  the  weight  and  char- 
acter of  motor  trucks  that  may  be  driven  on  the  high- 
ways of  the  state  and  a  considerable  increase  in  the 
registration  fees  of  motor  vehicles. 

The  Lowman  Bill,  signed  April  7  and  effective  at 
once,  increases  the  gross  load  that  can  be  carried  on 
a  four-wheeled  vehicle  from  25,000  to  28,000  lb.  and 
reduces  the  allowable  weight  on  one  wheel  to  9,800  lb- 
Tlie  carrying  capacity  of  tires  is  reduced  from  800  lb. 
per  inch  in  width  to  700  lb.  and  the  width  of  pneumatic 
tires  is  defined  as  the  greatest  width  of  the  tire  cas- 
ing. A  new  provision  .prohibits  the  use  of  any  rubber 
tire  whicli  is  worn  to  less  than  1  in.  above  the  metal 
flange. 

The  bill  limits  the  width  of  body  of  motor  trucks  to 
eight  feet  except  in  the  case  of  racks  for  carrying 
empty  boxes,  barrels,  and  baskets  or  hay,  straw,  and 
unthreshed  grain. 

The  speed  of  motor  trucks  with  solid  tires,  not  ex- 
ceeding two  tons  capacity,  is  now  limited  to  20  mi.  an 
hour ;  in  excess  of  two  tons  capacity,  to  15  mi.  an  hour. 
When  the  truck  is  equipped  with  pneumatic  tires,  5  mi. 
an  hour  in  excess  of  these  rates  is  permitted- 

The  provisions  in  regard  to  equipment  provide  that 
all  motor  trucks  and  buses  must  have  a  rear  vision 
mirror  and  that  the  weight  of  the  vehicle,  manufac- 
turer's rated  capacity,  and  gross  weight  must  be  legibly 
sliown  on  the  right  side  of  body  or  chassis  or  on  tho 
right  side  of  the  cab  below  the  driver's  seal. 

The  State  Highway  Department  is  authorized  under 
the  new  law  to  inspect  motor  vehicles  to  detect  viola- 
tions of  the  motor  vehicle  law  and  to  use  state  police 
for  that  purpose.  The  penalties  for  overloading  are 
very  heavy  and  include  the  power  to  compel  unloading 
of  the  excess  weight  by  the  roadside. 
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CEMENT  MANUFACTURERS  ON  TRIAL 

Several  witnesses  have  been  examined  by  the  gov- 
ernment so  far  in  its  suit  against  the  cement  manu- 
facturers of  the  Eastern  district  before  Judge  Knox 
in  the  United  States  District  Court  in  New  York  City. 
The  government  is  seeking  to  prove  that  19  corpora- 
tions, some  of  them  the  largest  manufacturers  of  ce- 
ment in  the  country,  have  fixed  prices  and  curtailed 
production  through  the  Cement  Manufacturers'  Protec- 
tive Association.  Much  time  has  been  consumed  in 
reading  into  the  record  various  correspondence  between 
member  companies  of  the  association  and  excerpts  from 
minutes  of  its  meetings.     The  case  is  being  continued- 
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Maintenance  of  Gravel  Roads 


By  A.  H.  OUNNINGHAMt 


The  subject  of  gravel  road  mainteuauce  is  a  subject 
of  vital  importance  to  that  part  of  the  state  which  is 
fortunate  enough  to  possess  local  deposits  of  gravel 
for  road  use :  how  important  can  well  be  illustrated  by 
my  own  county  and  those  immediately  surrounding. 
Buena  Vista  county  has  at  present  a  mileage  of  157  mi. 
of  gravel  road  on  the  primary  and  county  systems,  and 
between  20  and  30  mi.  of  gravel  on  the  township  sys- 
tem in  the  shape  of  secondary  graveling  districts.  The 
surrounding  counties  to  the  north,  east,  and  south  are 
in  about  the  same  condition;  gravel  maintenance  is 
therefore  a  live  topic  in  this  section  of  the  state.  In 
a  larger  sense  it  is  now  possible  for  a  motorist  to  travel 
from  Spirit  Lake  to  Dcs  Moines  on  gravel,  and  some 
pavement,  not  much;  again  broadening  out  the  gravel 
maintenance  problem. 

Gravel  maintenance  readily  divides  into  two  main 
heads,  gang  maintenance  and  patrol  maintenance. 

I  am  going  first  to  discuss  gang  maintenance,  again 
diNading  into  two  heads,  road  reshaping  and  the  appli- 
cation of  maintenance  gfravel ;  two  heads  which  are  so 
closely  related  that  they  are  about  as  hard  to  separate 
under  the  actual  working  conditions  as  are  the  famous 
Siamese  twins.  I  have  about  reached  the  conclusion, 
that  reshaping  should  not  be  done  without  the  placing 
of  maintenance  gravel  and  neither  that  maintenance 
gravel  should  be  applied  without  first  reshaping  the 
road  grade.  We  have  reshaped  gravel  roads  without 
applying  maintenance  gravel  and  have  applied  main- 
tenance, but  neither  job  was  an  outstanding  success. 

Beshaping  can  be  readily  done  and  well  done  with  a 
12-ft.  blade  and  back  sloper  attachment,  together  with 
8  scarifier  or  scarifier  attachment  for  use  on  the  old 
gravel  crown;  and  in  addition  thereto  a  tractor  of  at 
lease  25  h.  p.  on  the  draw  bar.  This  reshaping  of 
grftdes  is  a  job  requiring  an  experienced  grader  man 
and  one  of  considerable  judgment  and  ingenuity,  who 
is  not  afraid  to  put  a  grader  in  any  old  position.'  It 
means  first  the  scraping  of  the  old  gravel  to  the  center 
as  much  as  possible,  then  the  cleaning  of  the  ditches 
and  the  depositing  of  this  dirt  on  the  grade,  usually 
of  the  shoulders  and  close  to  them,  and  finally  the 
spreading  of  the  old  gravel  outward  over  the  dirt, 
usually  accompanied  by  the  scarifying  of  the  crown 
proper.  A  good  operator  will  leave  a  clear,  sharp 
shoulder  free  from  the  ditch  trash  which  often  bothers ; 
and  this  shoulder  is  the  very  thing  essential  to  the 
appearance  and  success  of  the  g^ravel  road.  By  the 
way,  it  is  impossible  to  build  a  good  shoulder  with  a 
grader  to  correspond  to  the  standard  primary  road 
cut  section  so  that  our  old  cuts  present  about  the  same 
enm  section  next  to  the  grade  as  do  the  fills ;  a  slope 
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not  tiatter  than  one  and  a  half  to  one.  We  would  all 
have  less  trouble  with  traffic  tearing  off  and  running 
down  the  shoulders  in  the  cuts  if  the  cut  cross  sec- 
tion did  present  a  steeper  slope  so  that  traffic  could 
not  ramble  down  on  the  slope.  What  is  the  logic  at 
easy  side  slopes  for  a  little  ways  in  the  cuts  when  we 
have  miles  to  fill  where  any  fool  knows  he  must  not 
drive  off  the  grade?  Can't  a  man  stay  on  a  29-ft. 
grade  in  a  cut  as  well  as  on  a  fill?  Is  it  not  simply 
the  relic  of  a  past  age  when  the  road  was  designed  so 
that  a  runaway  horse  could  not  dp  the  buggy  over? 
We  have  found  that  the  most  careful  job  of  reshaping 
an  old  gravel  road  will  still  mix  the  dirt  and  gravel 
so  that  maintenance  gravel  is  soon  necessary;  like- 
wise that  practically  no  gravel  road  is  in  condition  for 
maintenance  gravel  without  reshaping,  hence  my  for- 
mer assertion  that  reshaping  and  maintenance  gravel- 
ing are  practically  inseparable. 

The  next  head  to  be  considered  is  the  placing  of 
maintenance  gravel  and  here  we  find  widely  different 
opinions  as  to  amounts  necessary,  quality  of  material 
desired,  proper  methods  of  application,  etc.,  etc.  My 
personal  opinion  is  that  500  cu.  yd.  per  mile,  of  a 
material  free  from  large  pebbles,  applied  to  a  grade 
with  very  little  crown,  and  uniformly  distributed  over 
the  grade  is  the  proper  dose  of  maintenance  gravel  for 
the  average  primary  gravel  road  in  Iowa.  Five  hun- 
dred yards  per  mile  has  proven  to  be  an  adequate 
maintenance  coat  without  interfering  materially  with 
the  passage  of  traffic  and  the  finer  grades  of  gravel 
have  given  the  best  satisfaction.  Actual  experience  has 
shown  that  the  life  of  the  road  is  much  longer  where 
the  crown  is  slight  so  that  the  wheel  action  does  not 
chop  and  throw  the  material  into  the  ditches,  but 
rather,  that  the  road  is  covered  by  a  layer  of  loose 
material  which  is  continually  worked  back  and  forth 
in  maintenance.  I  note  that  the  maintenance  gravel  is 
spread  on  one  side  in  some  localities  and  then  brought 
over  the  entire  grade  with  a  blade  but  cannot  see  the 
reason  for  this  sy.«rtem  as  our  experience  has  been  that 
a  uniform  spreading  at  the  time  of  application  pro- 
duces a  good  high  speed  road  at  once,  with  traffic  in 
the  middle  where  it  belongs. 

The  next  matter  is  the  main  head  of  patrol  main- 
tenance, upon  whicb  we  all  disagree  to  some  extent, 
and  with  which  none  of  us  are  as  yet  satisfied.  We 
will  agree  that  gravel  roads  need  much  dragging  and 
that  this  dragging  is  best  done  during  a  rain  or  im- 
mediately after,  likewise  that  the  present  trend  of 
dragging  is  too  much  toward  the  center  which  produces 
excessive  crown;  although  we  disagree  as  to  the  class 
of  machinery  best  adapted.  Some  prefer  light  drags, 
some  heavy  drags,  some  multiple  blade  maintainers,  and 
some  patrol  graders.    They  all  have  their  ardent  advo- 
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cates  and  can  all  show  good  results.  Personally,  I  lean 
to  the  multiple  blade  maintainers  pulled  by  army  truck 
equipment  or  tractors  that  will  do  at  least  4  mi.  per 
hour,  if  there  were  but  some  satisfactory  solution  of 
the  operator  problem.  These  maintainers,  if  properly 
designed,  and  properly  handled,  will  surely  produce 
very  good  results  in  that  they  tend  toward  the  elim- 
ination of  the  waves  we  hear  so  much  about  and  can 
also  be  made  to  cut  and  deposit  at  any  point  on  the 
road ;  our  usual  way  of  setting  them  being  to  cut 
slightly  on  both  shoulder  and  crown  and  to  deposit  on 
the  quarter  point  between.  On  the  other  hand  their 
operation  is  but  a  part-time  job  for  the  operators  unless 
patrol  districts  are  made  so  long  that  all  parts  cannot 
be  reached  soon  enough  after  a  rain;  and  it  is  im- 
possible to  hire  good  operators  part  time.  Again,  the 
road  under  their  care  will  not  receive  the  little  at- 
tentions which  roads,  like  wives,  need,  they  say.  The 
next  best  thing  then,  is  the  two  horse  patrol  outfit, 
with  its  own  small  section  of  the  road  for  which  the 
patrolman  is  personally  responsible.  He  can  do  all 
the  dragging  work  with  his  patrol  grader  and  then 
can  then  spend  the  remainder  of  his  time  in  hauling 
maintenance  gravel  and  doing  the  thousand  and  one 
things  which  should  be  done  to  maintain  a  road  well ; 
culvert,  ditch,  and  intake  cleaning,  weed  cutting,  the 
pulling  of  young  trees  from  the  cut  ditches,  repairs  at 
intersections   care   around  bridges  and   culverts,   etc. 


appeared    were    immediately     painted    and    detailed 
sketches  recorded. 

The  testing  has  been  temporarily  suspended  on  ac- 
count of  unfavorable  weather  conditions.  When  it  is 
resumed,  the  next  increment  of  loads  will  be  such  that 
each  of  the  rear  wheels  of  the  trucks  will  carry  3,500 
lb.  and  each  of  the  front  wheels,  2,300  lb.  With  this 
increment,  1,000  trips  will  be  made. 


BATES  EXPERIMENTAL  ROAD  TESTS 

The  first  stage  of  the  final  tests,  which  are  being 
conducted  by  the  Illinois  Division  of  Highways  on  the 
Bates  test  road,  was  completed  April  5  when  the  loaded 
trucks  had  made  1,000  round  trips  over  the  63  sections 
of  the  2  mi.  road-  Failures  in  ten  sections  resulted, 
but  the  conclusions  to  be  drawn  from  these  failures 
are  uncertain  until  the  full  record  of  the  completed 
tests  is  available  for  study. 

For  the  first  1,000  trips  the  trucks  were  stripped 
so  that  the  load  on  each  rear  wheel  was  2,500  lb.  and, 
on  each  front  wheel,  2,250-  lb.  This  corresponds  to  a 
nominal  load  of  250  lb.  per  inch  of  tire  and  450  lb. 
per  inch  of  tire. 

The  trucks  made  regular  trips  up  one  side  of  the 

road  and  back  on  the  other  side  at  a  constant  speed 

of  15  mi.  per  hour.     A  path  6i  travel  was  maintained 

so  that  the  center  line  of  the  outside  rear  wheels  was 

6  in.  from  the  edge  of  the  pavement  on  all  sections  ex- 

^^cept  those  having  macadam  base-     On  the  latter,  the 

^H-first  500  trips  were  made  with  the  trucks  traveling 

^Bnear  the  center  of  the  pavement   except   at   passing 

^Bpoints.    The  last  500  trips  were  with  the  center  of  the 

^■wheels  traveling  at  a  distance  of  eighteen  inches  from 

^Btbe  edge  of  the  pavement. 

^"  The  effect  of  the  traffic  was  noted  by  eight  station 
observers  who  made  minute  records  of  all  cracks,  de- 
pressions and  other  indications  of  failure  and  matters 
of  general  interest.     All  breaks  and  other  defects  which 


TYPES  OF  CONSTRUCTION  ON 

LINCOLN  HIGHWAY  IN  1921 

The  states  and  counties  traversed  by  the  Lincoln 
Highway  expended  $7,730,000  in  new  construction  on 
that  route  in  1921.  The  following  table  shows  the 
mileage  of  each  type  of  construction  completed  last 
year,  the  total  being  12%  of  the  mileage  between  the 
two  coasts: 

Type  Miles 

Concrete  99.51 

Brick 21.35  • 

Bituminous  Macadam   5.83 

Gravel   174-85 

Sand  Clay  4.25 

Permanent  Earth  Grade   91.77 

Total 397.56 

The  total  mileage  of  improved  sections  of  the  Lin- 
coln Highway  at  the  end  of  1921  is  3,305  mi. 


MINNESOTA  TO  SPEND  $30,000,000 

Statistics  compiled  by  the  Minnesota  Highway  Com- 
mission show  that  approximately  $30,000,000  will  be 
spent  on  road  building  in  that  state  in  1922.  The  es- 
timated income  for  highway  improvement  includes 
$5,650,000  from  motor  vehicle  taxes,  $2,563,000  federal 
aid  funds,  $2,400,000  county  reimbursement  bonds, 
$2,200,000  state  aid  apportioned  to  counties,  and  $18,- 
000,000  local  appropriations  by  counties,  villages  and 
townships.  The  work  which  is  to  be  done  with  this 
money  includes  130  mi.  of  pavement,  684  mi.  of  grave! 
surface,  and  386  mi.  of  grading.  The  patrol  system 
for  maintenance,  which  calls  for  one  patrolman  for 
every  5  mi.  of  road  on  which  state  money  is  spent, 
will  give  employment  to  about  one  thousand  men  and 
will  cost  approximately  $2,225,000. 


WOULD  HAVE  STATE  CEMENT  PLANT 

The  Little  Rock  Chapter  of  the  American  Associa- 
tion of  Engineers  has  presented  to  the  Governor  of 
Arkansas  a  resolution  which  requests  him,  in  as  much 
as  the  prevailing  price  of  cement  is  entirely  out  of 
proportion  to  the  price  of  other  construction  materials, 
to  initiate  an  inquiry  into  the  feasibility  of  building  a 
state  cement  plant  to  be  operated  with  convict  labor, 
thereby  securing,  at  minimum  cost,  cement  for  use  in 
public  road  and  street  construction. 
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MEETINGS 

Calendar  of  Coming  Meetings 

May  12 — National  Highway  Traffic  Association — An- 
nual meeting,  Automobile  Club  of  America,  New  York 
City.  Secretary,  Elmer  Thompson,  247  West  54th  St., 
New  York  City. 

June  4-6 — American  Association  of  Engineers — ^An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary, 
C  E.  Drayer,  Chicago,  111. 

June  13-16— Canadian  Oood  Roads  Association- 
Ninth  annual  convention,  Victoria,  B.  C.  Secretary- 
treasurer,  Gteorge  A.  McNamee,  Birks  Bldg.,  Montreal, 
Canada. 

Jane  26-Jaly  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineeis'  Club  Bldg.,  Phila- 
delphia, Pa. 

Oct.  9-13— American  Society  for  Municipal  Improve- 
ments— Annual  convention,  Cleveland,  0.  Secretary, 
Charles  Carroll  Brown,  St.  Petersburg,  Fla. 


DIXIE  fflGHWAY  ASSOCIATION 
The  annual  convention  of  the  Dixie  Highway  Asso- 
ciation will  be  held  at  Jacksonville,  Fla.,  on  May  26 
and  27.  A  large  attendance  is  expected  because  there 
i&  more  construction  activity  on  this  route  than  ever 
before. 


BRICK  VARIETIES  REDUCED  TO  SEVEN 

The  standing  committee  of  the  U.  S.  Department 
of  Commerci'  on  Simplification  of  Variety  and  Stand- 
ards for  Vitrified  Paving  Brick  met  in  Washington 
March  27  and  eliminated  four  of  the  remaining  11 
types  and  sizes. 

Those  finally  decided  upon  and  remaining  as  "rec- 
ognized types  and  sizes"  are: 


Type 

Dimensions 

Deptli  as  Laid 

Plain    wire-cut 

3x4     x8>4    in. 

3 

or  4   in. 

Plain   wire-cut 

■    3V6x4     x8%    m. 

3V6 

or  4  in. 

Reprened  lug 

3%x4     xSMt   in. 

4  in. 

Wire-cut   lug 

8Hx4     x8%    in. 

4  in. 

Wire-cut  lug 

3%x3%x8H    in. 

3%    in. 

Wire-cut   lug 

3Hx3     x8%    in. 

3  in. 

RepreMed  blUalde 

3%x4     x8^   in. 

4  m. 

The  conference  of  1921  was  called  by  Secretary 
Hoover  as  his  initial  move  in  a  campaign  to  eliminate 
waste  in  industry  and  was  attended  by  representatives 
of  the  principal  national  engineering  organizations.  At 
that  time,  55  out  of  the  66  sizes  and  varieties  then 
being  manufactured  were  eliminated  and  a  committee 
appointed  to  consider  further  reduction  as  time  went 
on. 

The  Committee  decided  to  make  no  further  elimi- 
nations before  March  1923,  when  shipments  for  1922 
could  serve  as  a  guide 


HIGHWAY  POLICY  OF  IOWA  FOR  1922 
The  Iowa  State  Highway  Commission  in  a  statement 
of  their  policy  for  road  work  in  1922,  recognizes  the 
fact  that  the  people  of  Iowa  have  not  for  many  years 
been  so  critical  of  expenditures  involving  public  funds 
as  is  the  case  today.  Consequently,  it  recommends  a 
conservative  program  of  highway  improvement  which 
will  make  use  of  only  those  funds  which  have  already 
been  made  available  and  which  can  be  used  for  no 
other  purpose.  They  feel  that  it  is  time  to  decrease 
expenditures  that  must  be  paid  from  direct  taxation 
and  to  strive  to  secure  the  maximum  amount  of  road 
improvement  for  expenditures  tliat  are  made. 


PREFERENCE  FOR  EX-SERVICE  MEN 

Contracts  recently  signed  by  the  Wisconsin  High- 
way Commission,  which  call  for  the  construction  of 
27.7  mi.  of  road  in  Brown  County,  contain  a  special 
clause  which  stipulates  that  local  labor  is  to  be  em- 
ployed and  that  ex-service  men  are  to  be  given  pref- 
erence- It  is  expected  that  more  than  500  men  will 
find  employment  with  the  construction  companies. 


The  State  of  Ulinods  recently  sold  $6,000,000  of  20- 
year  serial  4%  road  bonds  at  98%.  These  bonds  are 
part  of  the  $60,000,000  issue  authorized  by  referendum 
vote  in  1918  for  a  4,800  mi.  road  system. 


PERSONAL  MENTION 


E.  R.  Conant,  Town  Manager  of  Mansfield,  Mass., 
has  resigned  to  take  the  position  of  surveyor  of  the 
highway  department  of  Manchester,  N.  H. 

Ezra  Schoecraft,  City  Engineer  of  Flint, 'Mich.,  has 
tendered  his  resignation  to  take  effect  May  1. 

Julian  Montgomery,  City  Engineer  of  Wichita  Falls, 
Tex.,  has  resigned  to  enter  private  practice-  P.  M. 
Rugely,  his  assistant,  has  been  appointed  city  engineer. 

R.  T.  Brown,  Chief  Field  Engineer  of  the  South 
Carolina  State  Highway  Department,  has  resigned  his 
position  to  become  associated  with  J.  T.  Plott,  of 
Greensboro,  N.  C.,  in  construction  work.  Ambrose 
Harwell,  former  division  engineer,  will  succeed  Mr. 
Brown  as  chief  field  engineer. 

J.  T.  Ellison,  of  St-  Paul,  Minn.,  has  been  appointed 
assistant  state  highway  commissioner  of  Minnesota  to 
fill  a  new  ofBce  created  by  the  last  legislature.  He 
will  continue  to  hold  his  present  position  of  chief 
bridge  engineer  with  the  commission. 

Leland  G.  Merrill,  City  Engineer  of  Parkersburg, 
West  Va.,  has  resigned  to  accept  a  position  with  the 
West  Virpnia  State  Highway  Commission. 
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No  highway  engineer  or  road 
official  should  be  without  a  copy 
of  our  latest  manual,  "Road 
Maintenance  with  Tarvia."  Our 
nearest  office  will  gladly  send 
free  copy   on  request. 


The  Future  of  a  Community  often  lies 
in  the  Road  Commissioner's  hands — 


Although  the  Road  Commissioner  never 
"heads  the  ticket"  on  Election  Day,  there 
are  few  public  officials  charged  with  duties 
more  vital  to  the  public  welfare. 

Good  roads  are  indispensable  to  the  prog- 
ress and  happiness  of  every  community.  With 
good  roads,  getting  to  town  is  made  a 
matter  of  minutes — not  miles;  business  flour- 
ishes, hauling  cost  decreases,  property  values 
rise,  children  enjoy  the  benefits  of  a  central 
graded  school,  community  and  social  life  is 
broadened  and  made  more  enjoyable.  The 
hiture   herfds   forth   great   promise. 

Throughout  the  country  our  engineers 
have  demonstrated  to  thousands  of  public- 
spirited  road  officials  the  great  saving  result- 
ing from  a  definite  policy  of  Tarvia  con- 
struction and  maintenance. 


This  popular  road  material  is  unequalled 
for  building  new  roads,  for  resurfacing 
wornout  macadam,  for  repairing  and  main- 
taining improved  roads  of  every  type.  Spe- 
cial grades  are  made  for  specific  uses. 

Tarvia  roads  are  an  indispensable  part  of 
every  Good  Roads  Program.  They  are 
comparatively  low  in  first  cost,  and  are  so 
much  more  economical  over  a  term  of  years 
that  the  saving  makes  a  more  extensive  road 
program  possible. 

If  you  want  smooth,  dustless,  mudless 
roads  in  your  community  365  days  in  the 
year,  write  to  our  nearest  office  for  free 
copy  of  our  illustrated  "General  Tarvia 
Catalog."     You'll  find  it  interesting. 


For  Road  Construct/on 
Ropair  and  Maintenance 


Special  Serv'ce  Department 

This  company    has   a    corps    of   trained 
engineers  and  chemists  who  have  given 
years  of  study  to  modern  road  problems. 
The  advice  of  these  men  may  l)e  had  for  the 
asking  by  anyone  Interested.   If  you 
will  write  to  the  nearest  office  regard- 
ing road  problems,  and  conditions  in 
your  vicinity,    the   matter   will   be 
given  prompt  attention. 
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Comparison   of   Sub-Drainage   by   Deep   Side 

Ditches  and  Tile  Drains* 

By   O.   M.  XJPHAMt 


Sub-drainage  is  another  way  of  saying  stabilization 
o?  subgrade  or  road  foundations.  Although  we  may 
go  into  this  subject  very  carefully,  very  scientifically, 
and  with  much  detail,  we  simply  mean  excluding  mois- 
ture from  the  roadway,  or  draining  moisture  away 
from  the  roadway.  If  we  look  over  some  of  the  earlier 
highway  literature  we  find  that  one  of  the  most  empha- 
sized details  of  construction  was  drainage  of  the  high- 
ways. Nearly  everyone  would  talk  drainage  and  plan 
drainage  systems,  but  when  they  commenced  to  con- 
struct a  road  the  drainage  system  was  generally  ex- 
cluded on  account  of  its  cost,  and  this  money  was 
usually  spent  in  the  construction  of  the  surface.  That 
this  was  an  unwise  practice  has  been  too  often  proven. 
Considerable  scientific  data  are  now  available  which 
gives  us  more  information  relative  to  the  regulation  of 
moisture  in  the  subgrade  and  the  practice  of  stabiliz- 
ing road  foundations. 

I  think  it  is  safe  to  say  that,  at  the  present  time, 
road  surfaces  are  standardized  to  a  degree,  at  least, 
that  we  can  practically  be  assured  of  satisfactory  re- 
siilts  if  constructed  in  accordance  with  standard  speci- 
fications. In  many  roads  we  liave  had  sections  of  the 
road  .surface  break  up,  while  in  other  places  it  has 
proven  strong  enough  to  carry  the  traffic.  Investi- 
gation has  .shown  that  the  cause  of  the  failure  was  not 
due  to  the  road  surface  itself,  but  on  account  of  the 
failure  of  the  subgrade  or  road  foundation.  This  has 
commenced  thorough  investigation  of  this  subject,  and 
before  very  long  data  will  be  collected  and  assembled 
so  that  the  results  of  various  researches  will  be  made 
available  for  practice.  It  is  practically  accepted  that 
the  bearing  power  of  any  soil  or  subgrade  will  vary  in- 
versely with  the  amoimt  of  water  that  the  soil  or  sub- 
grade  contains.  With  this  fact  to  work  upon  it  is 
readily  seen  that  the  more  water  present  in  any  soil  the 
less  will  be  its  bearing  power  or  carrying  capacity. 

The  extent  of  the  effect  of  moisture  on  any  subgrade 


*Paper     presented     at     Eighth     Annual     Conference     on 
Highway   Engineering   at    the    University   of    Michigan. 
tState  Highway  Engineer  of  North  Carolina. 


depends  upon  the  kind  of  soil  in  the  subgrade,  so  that 
it  is  readily  seen  that  the  selection  of  soils  which  go 
to  make  up  the  subgrade  is  one  of  the  most  important 
factors  in  road  construction.  This  detail  is  many  times 
overlooked.  In  clay  soils  it  has  often  been  found  that 
the  soil  nearer  the  surface  of  the  ground  is  more  sat- 
isfactory for  subgrade  construction.  This  undoubtedly 
Ia  due  to  the  fact  that  the  soil  has  been  broken  up 
due  to  the  action  of  frost,  and  that  the  finer  material 
and  colloidal  matter  has  been  washed  out  by  the  rains. 

In  the  South  there  is  what  is  known  as  top  soil, 
which  is  a  sand-clay  composed  of  broken  down  rock, 
from  which  the  finer  colloidal  matter  has  been  washed. 
With  the  varying  effects  of  moisture  on  the  different 
materials  it  can  be  seen  that  the  selection  of  soil  for  a 
subgrade  is  very  important,  and  it  is  absolutely  neces- 
sary to  get  a  material  of  low  capillary  attraction  and 
resulting  high  bearing  value  in  the  top  of  the  subgrade. 
Many  times  the  mistake  has  been  made  of  taking  all 
material  from  cuts  and  throwing  it  indiscriminately 
in  the  fills,  whereas  it  would  be  to  the  great  advantage 
of  the  road  to  select  the  material  generally  from  the 
top  of  the  cut  and  place  this  material  on  the  top  of 
the  fill.  In  that  way  we  would  have  the  better  ma- 
terial in  the  top  of  the  subgrade  and  this  would  afford 
a  higher  bearing  power  for  the  construction  of  a  road 
surface,  which  would  have  the  same  effect  as  increasing 
the  depth  of  the  slab. 

There  may  be  many  methods  of  stabilizing  subgrades. 
We  cannot  imagine  any  road  so  muddy  and  unservice- 
able that  we  could  not  build  up  a  subgrade  by  putting 
sufficient  number  of  rocks  or  crushed  stone  in  the  sub- 
grade.  We  could  also  go  to  the  other  extreme  of 
imagining  a  subgrade  constructed  of  solid  concrete, 
and  there  are  other  impracitcal  methods  of  stabilizing 
subgrades,  but  on  account  of  large  mileage  of  roads 
which  must  be  built,  and  on  account  of  the  compara- 
tively small  amount  of  money  available  for  road  con- 
struction, it  is  absolutely  necessary  that  the  most  econ- 
omic means  possible  be  used  in  stabilizing  the  subgrade. 

It  has  been  found  and  accepted  by  road  builders 
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that  the  most  economic  method  of  stablizing  tlie  sub- 
grade  is  simply  to  take  away  the  water  from  the  road 
foundation,  or,  better  still,  keep  tlie  water  from  get- 
ting into  the  subgrade.  Therefore,  one  of  the  first 
principles  in  road  construction  is  to  so  construct  a 
drainage  or  sub-drainage  system  as  to  pipe  away  all 
springs  or  water  from  any  source  whatever,  so  that  at 
no  time  would  it  be  possible  for  any  of  this  water  to 
enter  the  subgrade  and  thus  reduce  the  bearing  power 
of  the  subgrade. 

This  can  generally  be  done  by  constructing  ditches 
parallel  with  the  roadway,  the  bottom  of  which  are 
from  10  to  18  in.  below  the  subgrade  or  foundation  of 
the  roadway.  When  a  road  is  hardsurfaced  it  pre- 
vents any  water  from  above  entering  the  subgrade,  at 
least  until  it  lias  run  to  the  edge  of  the  pavement.  The 
lateral  side  ditches  intercept  any  water  from  horizontal 
capillarity  or  side  seepage.  There  only  remains  then 
the  water  which  rises  up  through  the  ground  by  capil- 
lary action.  This  is  the  most  difficult  and  expensive 
water  to  take  care  of,  and  it  can  readily  be  seen  that  on 
account  of  the  capillary  action  varying  in  different 
soils  the  selection  of  subgrade  material  is  very  im- 
portant. It  can  safely  be  said  that  tlie  amount  of  water 
drawn  up  into  the  subgrade  depends  upon  the  supply 
and  the  class  of  material  in  the  subgrade.  Generally 
speaking,  the  coarser  the  material  the  less  the  capillary 
action,  and  also  the  reverse  is  true  to  the  extent  that 
the  finer  the  material  generally  the  greater  the  capil- 
lary action,  although  within  certain  limits  the  capillary 
action  in  the  coarser  material  is  quicker  than  in  the 
finer  material,  but  the  ultimate  amount  of  water  raised, 
and  the  height  it  is  raised,  is  not  so  much  in  the  coarse 
material  as  in  the  fine  material.  And  inasmuch  as  it  is 
the  amount  of  water  present  in  the  subgrade  which 
influences  the  stability  of  the  subgrade,  it  can  be  seen 
that  in  selecting  material  for  the  road  foundation  the 
coarser  material  should  be  selected. 

Prom  experiments  by  the  Bureau  of  Public  Roads 
it  has  been  determined  that  the  capillary  water  in  a 
subgrade  is  greatest  directly  underneath  the  hard 
surface  slab,  which  means  that  the  part  of  the  subgrade 
which  should  be  the  most  stable  is  in  reality  greatly 
reduced  in  bearing  power.  Ilowever,  the  problem  is 
to  substitute  for  this  portion  of  the  subgrade  a  ma- 
terial which  is  less  affected  by  the  amount  of  water,  or 
which  has  lower  capillary  action,  which  also  means, 
that  the  water  do(«  not  rise  so  high  in  this  particular 
selected  material,  and  this  is  another  way  of  saying 
that  the  subgrade  is  more  completely  -tabilized  by  this 
selected  material,  because  the  amount  of  water  in  the 
sabgrade  directly  underneath  the  slab  has  been  ex- 
cluded by  the  selected  material. 

Various  cross  sections  of  roadways  have  been  de- 
signed for  the  purpose  of  doing  away  with  these  vari- 
cos  conditions,  and,  of  course,  one  of  the  universal 
solutions  of  cross  sections  is  the  side  ditch,  which  inter- 


ei'pts  any  water  from  the  sides,  which  Avould  otherwise 
get  into  the  subgrade. 

This  brings  us  up  to  the  comparison  of  the  side 
ditcli  and  the  tile  underdrain,  which  generally  consists 
o.*^  a  ditch  at  the  bottom  of  which  is  a  pipe  laid  with 
loose  joints  and  then  the  ditch  filled  in  with  crushed 
stone. 

It  has  been  thought  by  many  that  since  this  was 
called  a  drain  it  effectively  drained  all  the  water  from 
the  subgrade,  but.  undoubtedly,  in  many  soils  this 
drain  did  little  or  no  good  othoi'  than  to  intercept  any 
free  water  which  might  otherwise  find  its  way  to  the 
subgi'ade.  In  other  words,  it  is  quite  likely  that  this 
drain  was  only  effective  in  taking  away  free  water 
which  came  from  the  surface  or  seeped  through  the 
ground  horizontally. 

It  is  quite  doubtful  if  any  drain  ever  carried  away 
any  appreciable  amount  of  water  which  rose  by  capil- 
lary action.  Therefore  it  can  be  seen  that  neither  the 
open  ditch  nor  the  tile  underdrain  is  sufficient  to 
cope  with  the  capillary  water  in  any  subgrade,  We 
must,  therefore,  design  against  capillary  water  in  ad- 
dition to  the  longitudinal  drains. 

In  the  subject  of  tile  underdrains  there  is  a  question 
an  to  their  location.  While  the  longitudinal  under- 
drain will  serve  the  purpose  of  intercepting  water 
whieli  would  otherwise  find  its  way  to  the  subgrade, 
quite  often  transverse  drains  are  necessary  for  the 
purpose  of  taking  away  water  from  springs  or  stratas 
which  carry  water  underneath  the  road.  The  number 
and  location  of  these  drains  absolutely  depends  upon 
conditions,  and  the  amount  of  water  which  finds  its 
way  underneath  the  roadway.  To  carry  the  question 
of  transverse  drains  a  litle  further,  and  to  more  com- 
pletely develop  the  idea,  selected  material  which  can 
be  easily  drained  is  sometimes  placed  underneath  the 
road  surface  in  thicknesses  varying  above  two  inches. 
This  material  should  be  connected  up  by  drainable 
material  to  the  nearest  drain  or  ditch.  This  is  another 
very  effective  means  of  reducing  the  amount  of  water 
underneath  tht  road  slab  wjiich  is  a  means  of  increas- 
ing the  bearing  value  of  the  subgrade  or  road  founda- 
tion. 

The  location  of  a  lateral  or  longitudinal  drain  has 
been  the  subject  of  considerable  discussion.  One  sug- 
gestion is  to  place  the  drain  directly  underneath  the 
ditch,  but  this  seems  to  be  the  improper  place  on  ac- 
count of  water  flowing  in  the  ditcli  carrying  the  finer 
silt  particles  into  the  drain,  which  gradually  make 
it  less  effective.  It  is  undoubtedly  better  to  construct 
the  drain  higher  up  on  the  shoulder  and  a  little  nearer 
the  roadway  surface. 

There  are  many  methods  now.  being  devised  for 
the  treatment  of  subgrades  in  order  to  overcome  the 
water  of  capillarity,  and  to  insure  more  complete  sta- 
bilization, various  chemicals  are  being  used  to  experi 
ment  in  the  treatment  of  subgrades.  Water-ga,s  tar 
is  a  substance  which  has  been  used  in  subgrade  experi- 
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meutation.  Other  experiments  show  that  Portland 
cement  lias  an  advantage  in  stabilizing  sub  grades.  Ex- 
periments with  low  capillary  material  suggests  that 
cinders,  sand,  gravel  or  crushed  stone  will  bring  about 
a  stabilized  subgrade  only  in  a  different  manner.  lu 
all  cases,  the  treated  or  selected  subgrade  material 
should  be  connected  with  the  tile  drains  or  ditches  or 
drainage  or  drainage  system,  by  means  of  the  most 
di-ainable  material,  and  the  subgrade,  even  if  built 
of  selected  material,  must  be  so  constructed  as  to  drain 
as  completely  as  possible. 

We  are  now  to  the  question  of  the  comparison  of 
the  open  ditch  and  tile  drain.  Neither  of  these  is  a 
cure-all.  In  some  instances  they  help  materially,  but 
in  other  cases  their  effect  is  slight.  There  is  a  partic- 
ular experiment  which  has  been  watched  for  several 
years.  It  is  a  surface  treated  macadam  road.  This 
particular  road  broke  up  every  spring  as  the  frosts 
came  out  of  the  ground.  A  complete  investigation  was 
made  and  what  remained  of  the  macadam  surface  was 
cleared  away  and,  although  it  was  expected  to  find  a 
spring  underneath  the  roadway,  the  only  thing  which 
was  found  was  a  layer  of  clay  slightly  over  an  inch  in 
thickness.  The  layer  of  clay  was  slightly  tilted  to 
such  an  extent  that  water  would  percolate  through  the 
ground  until  it  reached  this  layer  of  clay,  and  then  on 
account  of  the  impervious  clay  layer  it  would  follow 
along  on  top  of  the  clay  and  appear  underneath  tlie 
road  surface.  This  amount  of  water  on  top  of  the 
strata  of  clay  so  weakened  the  road  surface  and  sub- 
grade  that  it  broke  up  each  year.  It  was  noticed  that 
this  strata  of  clay  was  underlaid  with  a  very  coarse 
drained  sand,  and  the  water  which  had  collected  on 
the  clay  strata  was  easily  drained  down  through  the 
holes  cut  in  the  clay  strata.  This  matter  is  being  men- 
tioned because  in  order  to  show  that  the  flow  of  water 
in  certain  soils  is  very  slight  and  that  tile  drains  will 
ihave  very  little  beneficial  effect. 

In  many  instances  it  has  been  found  that  the  flow 
of  water  in  different  soils  varies  from  one  foot  a  day 
Up  to  tAventy  or  thirty  feet  a  day  in  clay  soils.  There 
is  some  question  relative  to  the  depth  of  drains  and 
ditches.  It  is  very  evident  that  a  ditch  will  intercept 
water  the  same  as  a  tile  underdrain,  and  also  the  tile 
underdrain  will  have  the  same  effect  in  intercepting 
water  as  an  open  ditch.  It  is  assuming  that  both  are 
maintained.  It  is  quite  evident  that  it  is  more  diffi- 
cult to  maintain  a  ditch  than  an  underdrain  on  account 
of  the  fact  that  in  tile  drains  the  pipe  is  always  avail- 
able for  the  free  water,  whereas  if  an  open  ditch  be- 
comes stopped  up  the  free  water  is  backed  up  and 
allows  a  bigger  .supply  of  water  for  capillary  action 
in  the  subgrade.  The  deeper  the  ditch  the  more  diffi- 
cult  it  is  to  maintain,  and  one  more  important  point 
is  the  fact  that  a  deep  ditch  must  be  maintained  by 
hand,  which  should  eliminate  this  kind  of  a  ditch  for 
consideration  only  where  the  depth  of  the  ditch  is 
necessary  for  water  drainage.     In  many  instances  a 


sliallow  ditch  can  be  maintained  by  a  road  machine. 

The  value  of  a  tile  drain  is  sometimes  completely  lost 
under  certain  conditions  of  frost,  and  in  many  in- 
stances the  eft'ectiveness  of  a  tile  drain  is  practically 
of  no  value,  although  there  may  possibly  be  a  very 
slight  movement  of  water  through  frozen  ground.  This 
however,  is  very  slight.  In  this  particular  instance, 
no  doubt,  the  open  ditch  would  be  more  effective,  es- 
pecially in  taking  care  of  any  surface  water,  which 
through  certain  weather  conditions  such  as  a  thaw, 
might  be  present. 

Probably  the  most  critical  time  for  any  road  is  after 
the  ground  has  been  frozen  for  some  two  or  three  feet. 
Under  these  conditions  the  effect  of  the  tile  drain 
would  be  greatly  reduced.  If  this  freeze  is  followed 
by  a  thaw  the  surface  of  the  road  is  first  affected  and 
this  condition  bi'ings  about  an  excess  of  water  on  the 
surface  of  the  road  and  directly  underneath  the  slab. 
On  account  of  the  frozen  material  underneath,  the  free 
water  cannot  pass  down  into  the  drain  and  thus,  in 
this  instance,  the  value  of  a  tile  underdrain  is  reduced 
to  a  minimum.  A  more  effective  solution  in  this  case 
is  a  shallow  gutter.  By  this  is  meant  a  gutter  from 
10  to  18  inches  below  the  subgrade  with  the  shoulders 
and  slopes  so  constructed  that  surface  water  and  any 
iree  water  occasioned  by  a  thaw  can  readily  find  its 
Kay  to  the  gutters. 

It  is  assumed  that  all  underdrains  and  ditches  are 
eonsrtucted  to  grade  and  will  thus  quickly  carry  away 
jiny  free  water.  Another  very  important  point  is  that 
any  free  water  which  might  for  any  reason  exist  in 
the  subgrade  must  have  a  method  whereby  it  can  pass 
off  immediately  to  the  drain  or  ditch.  In  the  case 
of  ditches  the  existing  conditions  must  be  thoroughly 
studied  before  the  location  and  depth  is  determined. 
If  you  are  constructing  a  road  on  a  fill,  of  course,  there 
is  no  water  to  intercept,  but  in  a  cut  which  is  on  light 
grades  or  on  the  side  hill  work,  an  intercepting  ditch 
is  very  effective.  On  the  heavier  grades  it  is  not  neces- 
sary to  make  the  ditch  as  deep  as  on  the  lighter  grades, 
for  the  gi-ade  of  the  roadway  has  the  same  effect  a,s 
the  deeper  ditch.  If  the  ditches  drain  readily,  all  in- 
dications seem  to  point  that  it  is  seldom  necessary  to 
construct  any  ditch  deeper  than  23^  or  3  ft.  below 
the  gi'ade  of  the  road.  It  is  sometimes  necessary  to 
do  so  to  get  a  .suitable  grade  to  drain  the  system. 

In  summarizing,  no  distinct  advantage  can  be  claimed 
for  the  tile  drain  above  the  open  ditch;  nor  can  it  be 
said  that  the  open  ditch  is  more  favorable  at  all  times 
than  the  tile  drain.  But  there  are  certain  condtiions 
where  a  combination  of  the  two  will  be  the  most  prac- 
tical. If  an  open  ditch  is  used  there  is  no  advantage 
in  making  it  any  deeper  than  to  intercept  water,  and 
should  not  be  so  deep  that  it  cannot  be  maintained 
by  machine;  otherwise  the  maintenance  will  be)  a 
costly  item.  An  open  ditch  can  be  used  to  intercept 
water  as  efficiently  as  a  tile  drain.  The  open  ditch 
must  be  constantly  maintained  and  presents  a  hazard 
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to  traffic.  On  the  other  hand,  a  tile  drain  will  serve 
as  well  as  an  open  ditch  when  used  to  intercept  water 
from  getting  under  tlie  roadway.  The  maintenance  of 
a  tile  drain  is  generally  less  than  the  open  ditch,  al- 
thougli  many  times  its  original  cost  of  construction 
is  greater.  At  no  time  does  the  tile  drain  present  any 
hazard  to  traffic,  and  for  this  reason  it  should  be  given 
serious  consideration. 

Undoubtedly  no  decision  can  be  made  to  the  extent 
of  stating  that  either  the  open  ditch  or  the  tile  drain 
is  preferable,  but  it  can  safely  be  said  that  there  are 
conditions  when  it  is  more  economic  and  desirable  to 
use  either  one  or  the  other.    After  a  careful  considera- 


tion of  all  tlie  details  it  is  quite  likely  that  a  combina- 
tion of  the  open  ditch  and  the  tile  underdrain  is  more 
suitable  than  either  the  one  or  the  other. 

In  no  case  is  it  necessary  to  construct  the  open 
ditches  or  tile  drains  lower  than  that  point  which  will 
intercept  water,  for,  in  practically  no  instance  do  the 
drains  reduce  the  amount  of  capillarity,  and  after  all 
a  combination  which  will  most  economically  reduce 
the  amount  of  moisture  in  the  subgrade  is  the  method 
to  be  selected,  taking  into  consideration  the  first  cost, 
cost  of  maintenance,  and  giving  due  consideration  to 
any  hazards  wliicli  might  be  interposed  on  account  of 
the  open  ditch. 


Bituminous   Surface  Treatments  on 

Macadam  Roads* 


By    ALLAN    K.   HAYf 


The  surface  treatment  of  macadam  roads  with  some 
form  of  bituminous  material  has  now  become  a  neces- 
sity to  prevent  rapid  deterioration  caused  by  the  sur- 
face stone  being  ground  into  dust  or  mud  under  ever- 
growing traffic.  If  surface  treatments  ai'e  used  with 
discretion,  the  life  of  a  road  is  considerably  prolonged 
and  maintenance  charges  are  lowered.  A  good  maca- 
dam road  treated  with  tar  or  oil  shortly  after  its  con- 
struction and  consistently  re-treated  each  succeeding 
year  will  render  excellent  service  under  a  very  con- 
siderable volume  of  traffic,  more  especially  if  the  bulk 
of  the  traffic  is  carried  on  rubber  tires.  However, 
heavy  horse-drawn  loads  on  steel  tires  are  its  worst 
enemy  and  in  tlie  spring  of  the  year  such  a  surface 
will  cut  up  badly,  if  subjected  to  much  of  this  class 
of  traffic.  On  the  other  hand,  the  tires  of  automobiles 
and  light  or  medium  sized  trucks  have  tlie  effect  of 
ironing  out  the  surface  and  do  it  comparatively  little 
harm. 

Surface  treatments  vary  in  character  from  a  very 
sketchy  cold  application  of  light  oil  or  tar  used  as  a 
dust-layer  to  heavy  coatings  of  binder  accompanied  by 
a  substantial  coat  of  fine  crushed  stone. 

The  type  of  treatment  for  any  given  road  can  bi' 
decided  only  by  local  conditions,  but  in  general  the 
most  successful  type  of  surface  will  be  one  falling  mid- 
way between  the  limits  above.  Partially  worn  out 
roads  with  surfaces  showing  only  a  small  amount  of 
exposed  stone  may  often  have  their  effective  life  pro- 
longed a  few  years  by  an  application  of  one  of  the 
lighter  liquids  without  any  covering  material-  Thu 
better  class  of  macadam  surfaces  should  have  an  ap- 
plication of  heavier  material  which  has  been  heated 
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and  should  then  be  covered  with  a  thin  coat  of  stone 
chips,  pea  gravel  or  sand. 

Of  this  kind  of  road,  the  mistake  is  often  made  of 
endeavoring  to  build  up  too  thick  a  carpet  or  blanket 
on  the  road  in  one  operation.  The  result  is  a  surface 
which  looks  well  and  wears  well  for  a  few  months 
and  which  closely  resembles  an  asphaltic  concrete  or 
penetration  built  road,  but  in  a  short  time  this  blanket 
of  tar  or  asphalt  pushes  into  waves  and  liumps  and  if 
there  is  much  horse-drawn  traffic  to  cut  it,  will  often 
peel  from  the  road-metal  in  large  areas. 

This  unfortunate  result  may  be  avoided  by  applying 
the  bituminous  material  in  smaller  quantities,  building 
up  a  thin  skin  coat  upon  which  subsequent  light  treat- 
ments may  be  applied,  gradually  foi'ming  a  tough  thin 
film  over  the  road.  On  a  newly  constructed  macadam 
road,  a  treatment  during  the  first  season  of  one-third 
of  a  gallon  per  square  yard  followed  by  one-fifth  to 
one-fourth  gallons  in  the  following  years  should,  in 
most  cases,  be  sufficient. 

A  large  quantity  of  material  is  now  on  the  market 
which  is  suitable  for  applying  to  the  road  without  heat- 
ing, but  usually  it  will  pay  to  heat  even  fairly  light 
oils  or  tar  products  in  order  to  secure  a  greater  pene- 
tration into  the  road  surface.  The  slight  additional 
expense  and  trouble  of  heating  is  more  than  offset  by 
the  better  results  obtained. 

Methods  and  Appliances 

There  are  two  ways  of  purchasing  bituminous  ma- 
terial, either  in  tank-car  shipments  or  in  barrels  and 
drums.  Tank  car  shipments  are  by  far  the  most  sat- 
isfactory and  material  should  not  be  bought  in  bar- 
rels, unless  the  amount  of  road  to  be  treated  is  ex- 
tremely small  or  railway  facilities  are  wanting. 

The  average  tar  or  asplialt  used  for  this  work  may 
be  unloaded  from  the  tank  car  without  lieating  it,  un- 
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less  the  weather  is  exceptionally  cold.  Some  organi- 
zations prefer  to  heat  it  in  the  car  by  means  of  a 
portable  boiler  connected  to  the  heating  coils  and  then 
convey  it  to  the  road  in  a  distributor  which  has  been 
insulated  in  some  manner  to  retain  the  heat-  On  my 
own  work,  I  have  found  it  convenient  to  unload  the 
material  cold  and  afterwards  heat  it  in  the  distributor 
while  on  the  way  to  the  place  where  it  is  to  be  used. 

There  are  several  standard  methods  of  unloading. 
It  there  is  a  large  amount  of  road  surface  to  be  oiled 
or  tarred  each  year,  and  which  is  concentrated  within 
a  fairly  compact  area  of  country,  it  will  pay  to  put 
in  a  siding  with  an  elevated  trestle,  up  which  the 
tank  car  may  be  run  and  then  unloaded  by  gravity 
into  storage  tanks  or  distributors. 

However,  on  most  work  the  initial  cost  of  this  in- 
stallation might  not  be  justified,  and  arrangements 
must  be  made  to  utilize  various  sidings  located  as  near 
as  possible  to  the  work  in  hand.  In  this  case  a  port- 
able pumping  outfit  is  a  necessity.  There  are  several 
excellent  pumps  on  the  market  designed  for  handling 
various  liquids  of  this  nature,  and  if  funds  are  avail- 
able such  a  pump  would  be  a  good  investment.  On 
my  ovim  work,  we  use  a  make-shift  outfit  which  op- 
erates quite  satisfactorily  under  average  conditions. 
It  consists  of  an  ordinary  good  plunger  hand-pump, 
commonly  known  as  a  tank  pump,  operated  by  a  one 
and  one-half  horse  power  engine  and  pump  jack.  As 
an  auxiliary  we  use  a  Tarco  hand  pump,  which  is  a 
sheet-metal  affair  closely  resembling  a  bilge  pump  used 
on  boats. 

The  motor  driven  pump  is  connected  to  the  bottom 
of  the  car  by  a  pipe  2  or  3  in.  in  diameter  or  by  a 
flexible  steel  hose-  The  asphalt  and  tar  companies  are 
standardizing  their  tank  cars  so  that  a  few  standard 
connections  carried  in  stock  will  fit  most  tank  cars 
that  are  now  on  the  railroads. 

Distribut  ""rs 

For  the  usual  amount  of  work  handled  by  counties, 
especially  when  at  some  distance  from  the  larger 
centres  of  population,  a  horse-drawn  distributor  will 
prove  most  economical.  Very  few  counties  have  a 
sufficiently  concentrated  mileage  of  road  to  justify  the 
purchase  of  a  large  unit  mounted  on  a  truck  and  in 
addition  the  ground  in  the  neighborhood  of  our  usual 
railway  siding  is  of  such  a  nature  as  to  make  it  diffi- 
cult for  trucks  to  approach  the  tank  car,  more  especial- 
ly after  a  shower  of  rain.  A  horse-drawn  machine  of 
500  gal.  capacity  may  be  operated  economically  on 
hauls  up  to  4  mi.  and  for  longer  hauls  may  be  equipped 
with  a  short  pole  and  hauled  behind  a  motor  truck 
On  the  suburban  roads  near  Ottawa  this  year'we  are 
contemplating  equipping  a  15-27  tractor  with  rubber 
tires  for  handling  distributors  on  the  longer  hatils, 
when  the  tractor  is  not  engaged  on  grading  work.  For 
short  hauls  with  moderate  grades  one  team  of  horses 
is  sufficient  but  if  there  are  many  hills  two  teams  will 


be  required.  By  using  two  distributors,  lower  costs 
will  be  obtained.  One  will  be  filling  at  the  siding  while 
the  other  is  on  the  road.  The  investment  required  is 
not  large,  as  the  average  machine  with  jets,  rotary 
pump,  kerosene  tank  and  burners,  should  not  cost 
much  over  $1,000-  In  purchasing  a  distributor,  an 
important  requirement  is  that  it  shall  be  fitted  with 
an  efficient  device  for  straining  the  liquid  before  it 
passes  through  the  jets.  If  it  is  not  provided  with 
proper  screens  or  strainers,  small  particles  of  sand  or 
carbon  will  block  one  or  more  nozzles  and  cause  ex- 
asperating delays  on  the  road. 

Sweeping 

It  seems  hardly  necessary  to  say  that  the  road  sur- 
face should  be  thoroughly  cleaned  before  oil  or  tar  is 
applied.  A  horse-drawn  revolving  broom  is  of  very 
great  value  but  should  usually  be  followed  by  a  few 
men  with  stable  brooms  to  touch  up  spots  which  may 
have  been  passed  over  by  the  large  sweeper.  Apply- 
ing bituminous  material  on  a  dusty  road  almost  in- 
variably results  in  a  poor  job. 

Covering  Material 

Many  specifications  call  for  stone  chippings  or  pea- 
stone  as  a  covering  material.  If  crushed  from  good 
hard  rock,  stone  chips  make  an  excellent  cover,  but 
if  composed  of  soft  lime  stone  the  advisability  of  us- 
ing them  is  doubtful,  as  lime  stone  pulverizes  very 
quickly  under  traffic.  Furthermore  stone  chips  or 
screenings  are  usually  not  to  be  had,  or  when  avail- 
able needed  for  other  purposes  in  the  road  construction. 

Pea-gravel  or  coarse  sand  are  the  materials  most 
commonly  used.  Of  these  I  have  found  gravel  superior 
as  it  wears  better,  gives  a  gritty  surfaco  which  pro- 
vides better  foothold  for  horses  and  will  not  blow 
away  in  the  first  breeze  as  will  much  of  the  sand  which 
Ls  commonly  used  for  this  purpose.  If  screened  pea- 
gravel  is  too  expensive,  a  fine  pit-run  gravel  may  be 
used-  It  will  be  necessary  to  rake  the  surface  of  the 
road  to  draw  the  larger  stones  or  pebble^'  to  the 
shoulder,  but  this  adds  very  little  to  the  cost  of  the 
operation  as  there  are  often  idle  periods  for  the 
spreading  gang  while  waiting  for  the  distributor,  dur- 
ing which  two  men  with  rakes  will  quickly  cover  very 
long  stretches  of  road. 

Various  systems  are  used  for  handling  sand  or  gravel. 
In  town  or  city  work,  it  may  be  deposited  in  little  piles 
along  the  road,  twenty  or  thirty  feet  apart,  from  which 
it  is  spread  direct,  by  men  with  shovels.  In  county 
work  on  roads,  where  there  is  no  curb,  these  small 
piles  of  sand  have  a  tendency  to  shrink  before  the  time 
comes  to  use  them,  as  they  are  easily  dissipated  by  the 
traffic.  Another  system  is  to  dump  the  sand  or  gravel 
in  two-yard  piles,  spaced  150  ft.  or  more  apart  and 
re-handle  it  from  these  piles,  using  a  couple  of  one- 
horse  dump  carts.  Five  or  six  experienced  laborers 
with  two  dump  carts  will  cover  about  )i  mi.  of  eighteen 
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foot  ro*d  per  day  under  favorable  conditions.  In 
this  connection  it  will  be  found  that  spreading  sand 
for  this  purpose  is  an  art  in  which  every  laborer  is 
not  proficient  and  the  success  and  labor  cost  per  yard 
for  any  job  is  largely  influenced  by  the  skill  of  the 
men  who  do  the  spreading. 

Mechanical  spreaders  may  also  be  used  where  con- 
ditions are  suitable. 

The  amount  of  cover  required  may  vary  all  tlie 
way  from  5  to  25  lb-  per  square  yard  and  no  general 
rule  may  be  laid  down  as  this  is  entirely  a  matter 
affected  by  individual  conditions  on  each  job.    In  gen- 


eral the  heavier  the  bituminous   material   used,   the 
larger  will  be  the  amount  of  cover  required. 

Oosts 

The  cost  per  square  yard  of  surface  treatment  is 
very  largely  influenced  by  the  unit  amount  of  tar  or 
asphalt  used  and  by  its  cost  per  gallon.  Analysis  of 
several  jobs  last  year,  where  the  haul  was  within  four 
miles  and  for  an  application  of  one-third  of  a  gallon 
of  heated  material  per  square  yard,  showed  a  total 
cost  per  square  yard  of  from  6  to  7  ct.  This  included 
bituminous  material,  sand,  labor  and  fuel. 


Necessity  for  Strong  County  Organizations 


By  B.  W.  DAVISt 


The  building  of  roads  is  a  function  of  government, 
exercised  by  the  units  forming  the  government  and 
deriving  authority  from  the  enactments  of  the  supreme 
unit  in  the  state.  This  authority  is  both  granted  and 
conferred,  as  well  as  in  mandatory  form,  prescribing 
the  limits  as  well  as  the  obligations,  tlie  powers  as  well 
as  the  functions  of  the  units  involved  in  the  govern- 
mental requirements  and  directions.  The  directing 
power  in  all  highway  improvements  and  maintenance 
is  found  in  legislation  prescribed  by  the  code.  Our 
state  is  governed  by  a  code  of  laws,  and  therefore 
neither  practice  nor  common  usage  are  governing  fac- 
tors. This  legislation  is  planned  and  prescribed  to  co- 
ordinate the  authority  conferred  upon  the  three  units 
of  government  that  there  may  be  unity,  cooperation  and 
no  misdirected  efforts  upon  the  part  of  those  respon- 
sible for  carrying  out  the  intent,  purpose  and  man- 
dates of  the  law. 

In  this  wise  scheme  of  highway  legislation  there  is 
provided  the  central  and  supervising  power,  conferred 
upon  the  state  direct,  and  exercised  by  law  through 
the  Highway  Commission. 

Dipping  into  history,  we  find  that  prior  to  1911  we 
had  in  Wisconsin  a  very  imperfect  code  of  highway 
laws,  and  prior  to  that  time  the  towns  were  the  only 
one  of  the  di%'ision6  of  government  exercising  any  per- 
ceptible authority  in  road  matters.  We  had  the  old 
town  road  system,  and  the  only  part  taken  by  the 
counties  in  highway  matters  was  the  granting  of  ap- 
propriations in  aid  of  the  towns  for  road  and  bridge 
construction,  and  that  only  in  what  may  be  termed 
extreme  cases  or  improvements,  involving  sums  that 
made  the  cost  prohibitive  to  the  town  in  which  the 
desired  or  necessary  improvements  was  located.  In 
the  majority  of  the  counties  this  unit  authority  was 
not  given  much  attention  or  consideration,  and  it  may 
be  attributed  to  the  fact  that  there  was  no  demand 
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upon  the  counties  for  participation  in  or  supervision 
over  road  construction,  improvement  or  maintenance. 
The  road  of  today  was  undreamed  of,  except  by  the 
visionary. 

With  the  enactment  of  the  County  Aid  law  a  large 
number  o£  counties  awoke  to  the  possibilities  and 
their  responsibilities  and  the  first  serious  step  was 
taken  for  the  advancement  of  the  good  roads  move- 
ment. With  the  enactment  of  the  State  Aid  law,  the 
dream  of  the  visionary  pioneer  in  the  good  roads  move- 
ment began  to  materialize  and  the  counties  began  to 
assume  the  privileges  and  functions  that  properly  be- 
longed to  them  in  the  building  of  highways.  The  pow- 
ers were  there  prior  to  this  enactment  to  an  extent 
that  had  not  been  appreciated,  but  the  enactuient  of 
the  State  Aid  law  awoke  the  hitherto  sleeping  giant 
of  authority  and  responsibility,  and  from  that  awak- 
ening we  have  travelled  the  long  road  in  the  brief 
time  and  can  glory  in  the  accomplishments.  We  can 
point  with  pride,  but  we  should  glory  in  the  work 
done,  with  a  keen  realization  and  appreciation  of  our 
responsibilities  for  and  in  the  future. 

This  law,  as  stated,  acted  as  real  invigorator  for 
the  counties  and  from  its  somewhat  imperfect  form 
and  provisions  has  grown  the  great  system  and  results 
that  mark  our  taste  as  the  leader  in  progessive  and 
efficient  highway  construction  and  maintenance.  With- 
out detracting  from  the  prime  and  essential,  and  you 
may  say  the  supreme  importance  and  responsibility 
of  the  State  in  the  program  of  road  work,  so  wisely 
and  well  exercised  and  carried  forward  by  the  State 
Highway  Commission,  we  must  not  overlook  the  great- 
er and  more  in  a  way,  supreme  place  and  authority  that 
lies  in  the  counties,  for  it  is  after  all  the  County  that 
provides  the  initiative,  and  I  might  say  in  parenthesis 
the  funds,  for  all  the  road  improvements  in  the  state. 

That  being  the  case,  and  the  authority  and  responsi- 
bility being  placed  upon  that  iinit  in  the  government 
it  has  become  the  function  and  the  duty  of  the  coun- 
ties to  assume  and  carry  forward  the  burdens  placed 
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iipon  them  by  law,  burdens  of  legislative  enactment 
that  could  not  be  wisely  nor  with  justice  be  placed 
upon  any  other  unit  in  the  great  scheme  of  highway 
legislation  under  our  constitution  and  form  of  local 
government. 

And  this  further  being  the  case  it  has  behooved  and 
the  counties  have  assumed  the  responsibilities  and  per- 
formed the  duties  and  obligations,  both  legal  and  pub- 
lic, resting  upon  them.  In  this  exercise  of  the  func- 
tions and  the  performance  of  and  the  carrying  out  of 
the  program  of  road  improvement  growing  out  of  the 
intent  and  purpose  of  highway  legislation  in  Wiscon- 
sin, the  counties  have  arisen  to  the  great  importance 
of  the  task  entrusted  and  conferred,  and  the  work  has 
been  jiromptly  and  efSeiently  done  through  the  county 
organizations  provided  by  law  and  experience  has 
demonstrated  to  be  necessary  and  expedient. 

The  necessity  then,  we  must  assume,  for  strong  coun- 
ty organizations  grows  out  of  and  is  a  mandatory  re- 
quirement of  the  laws  placing  the  work  of  highway 
improvement  and  maintenance  so  largely  in  the  hands 
of  and  upon  the  counties.  This  may  appear  to  answer 
and  dispose  of  any  question  or  interrogation  that  may 
be  contained  in  this  subject.  The  task  required  by 
law  is  a  large  and  responsible  one,  and  compliance 
M-ith  tlie  plain  mandates  of  the  highway  enactments  is 
a  burden  that  must  be  carried  as  it  were  by  the  coun- 
ties in  proportion  to  their  unit  place  in  the  scheme,  and 
thi-ough  the  initiative  coming  through  and  from  the 
counties  and  the  program,  boh  present  and  future,  de- 
pending upon  them  for  the  start  and  the  impetus  in 
the  movement  in  highway  work,  the  greater  and  su- 
preme importance  and  necessity  for  strong  county  or- 
ganization lies  and  must  lie  in  their  duty  to  the  pub- 
lic. The  units  were  formed  in  our  scheme  of  govern- 
ment to  give  service,  and  as  Mr.  Hirst  has  so  well  said, 
we  must  strive  to  arrange  the  laws  and  practice  so 
as  to  give  service  and  to  give  it  now,  and  we  miglit 
add  forever,  as  purveyors  of  transportation  to  the 
people. 

There  lies  the  supreme  importance  of  all  organiza- 
tions, both  local  and  superior,  to  serve  the  public,  and 
no  organization,  official  or  set  of  officials  can  function 
properly  unless  they  or  it  have  a  keen  realization  of 
their  responsibility  to  the  public.  There  may  be  lim- 
its prescribed  to  legal  authority  to  be  exercised  by  a 
unit  of  government,  but  there  is  no  limit  to  the  sense 
of  responsibility  and  appreciation  of  duty  in  the  per- 
formance of  the  very  important  functions  pertaining 
to  this  great  public  work.  We  miglit  digress  and  en- 
deavor to  impress  upon  you  the  importance  of  roads 
in  our  social,  economic  and  material  life,  the  arteries 
through  which  our  very  life  blood  flows,  but  it  is  not 
necessary  in  this  gathering  nor  in  the  hearing  of  these 
men  who  have  and  who  play  so  important  and  respon- 
sible a  part  in  the  road  game  of  Wisconsin. 

I  must  be  permitted  to  digress,  however,  to  pay  my 
passing  respects  to  the  wisdom  that  enacted  the  prim- 


eval law  in  Wisconsin  requiring  that  responsibility 
must  rest  upon  some  unit,  though  it  was  placed  upon 
the  towns,  for  in  our  experience  in  other  states  and 
sections  we  were  led  to  believe  that  roads  were  not 
required  by  law  and  that  there  was  no  responsibility 
for  any  sort  of  maintenance  of  them. 

I  must  digress  further  to  question,  without  paying 
any  passing  respect  to  the  wisdom  of  the  acts  of  recent 
legislatures  in  our  state,  which  apparently  have  not 
been  imbued  with  or  in  possession  of  capacity  to  ap- 
preciate the  importance  of  highway  legislation.  I  do 
not  know  whether  to  charge  this  lack  of  measuring  up 
to  the  stature  of  legislators  upon  the  political  bunk 
that  oftentimes  becomes  intermixed  and  prevalent  in 
legislative  bodies,  or  whether  it  was  due  to  an  im- 
pregnation of  expediency  coupled  to  lack  of  mental 
capacity  and  qualifications,  but  in  the  defeat  of  the 
Hirst  bill  in  the  recent  legislature  there  has  arisen  in 
the  minds  of  a  very  vast  number  of  people  in  Wiscon- 
sin a  grave  doubt  as  to  the  wisdom,  capacity  and 
foresight  of  the  legislature.  We  missed  a  step  in  the 
forward  movement,  but  with  hope  and  courage  we 
look  forward  to  the  future  and  the  assistance  and  en- 
couragement of  wise  and  necessary  legislation. 

In  this  connection,  permit  me  to  make  an  observa- 
tion that  is  oftentimes  forcibly  brought  to  the  mind  of 
the  county,  town  and  state  officials,  and  that  is  the  lim- 
its imposed  by  law  upon  officials  in  he  performance  of 
the  functions  and  duties  of  their  office,  and  the  units 
deriving  their  powers  from  legislative  enactments 
might  and  should,  with  wisdom  and  without  danger 
and  with  decidedly  great  advantage  in  many  instances 
be  entrusted  with  greater  flexibility  and  elasticity  in 
the  authority  and  powers  required  and  exercised  in 
tlie  performance  of  their  duties.  Without  going  into 
details,  and  paraphrasing  an  old  and  trite  phrase, 
"What  in  hell  is  the  constitution  between  friends,"  so 
might  we  exclaim  what  is  the  necessity  or  wisdom  of 
placing  legal  curtailments  upon  progress  in  road 
building,  when  the  legislative  authority  appears  to  have 
no  interest  in  financing  the  projects.  There  is  appar- 
ently a  sort  of  jealousy  upon  the  part  of  the  legisla- 
ture over  county  boards  and  highway  organizations 
and  the  restrictions  as  to  the  exercise  of  their  functions 
are  too  great  in  view  of  the  part  the  state  takes  in 
providing  funds.  A  larger  arid  more  liberal  view- 
point upon  the  part  of  the  legislature  should  take  the 
place  of  the  present  narrow  views  of  our  legislators. 

There  should  be  no  limit  to  the  law  in  the  matter  of 
building  roads,  and  the  people  should  decide  what  they 
want  so  long  as  the  public  pays  the  bills  and  provides 
not  only  the  finances  but  the  effort  and  energy  to  carry 
out  the  program. 

The  great  essential  in  a  county  organization  should 
be  enthusiasm,  in  other  words,  "pep,"  coupled  with 
sufficient  well-directed  brain  matter.  The  next  essen- 
tial is  to  have  foresight,  with  a  well-defined  program 
and  an  object  in  view.     The  county  organization  should 
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possess  vision,  a  vision  that  takes  into  consideration 
the  present  needs  of  the  communities  and  the  future. 
The  county  organization  should  be  dreamers  as  well 
as  practical  men  of  affairs — for  the  road  of  today  leads 
to  the  road  of  tomorrow,  and  foresight  is  a  mental 
capacity  of  great  and  enduring  value  in  any  man  or 
organization  of  men.  The  organization  should  first  of 
all  feel  the  responsibility  that  lies  upon  them  and 
possess  enthusiasm  and  courage  to  carry  forward. 
Lacking  these,  the  organization  is  not  only  han- 
dicapped, but  are  out  of  place  in  the  road  game.  The 
oflScer  who  does  not  feel  the  pressing  of  obligations 
upon  his  mind  and  shoulders  cannot  function  properly, 
and  he  is  a  misfit  and  a  hindrance.  Responsibility 
and  enthusiasm  carry  with  them  a  keen  appreciation 
of  the  work  in  hand  and  the  possibilities  of  the  job. 
They  are  the  supreme  essentials  in  any  work,  and  tiiis 
game  no  accomplishments  can  be  achieved  without 
them. 

WWle  we  must  admit  that  the  dear  public  receives 
from  its  servants  and  slaves  a  great  deal  more  service 
than  it  pays  for,  this  lack  of  public  appreciation  and 
compensation  should  not  deter  any  real  road  man 
from  "bucking  the  game"  to  the  limit.  My  long  ex- 
perience in  county  affairs  has  taught  me  the  fact  that 
the  average,  the  large  average,  public  ofiicial  is  a  real 
philanthropist  with  his  time  and  efforts  for  the  public 
good  and  advantage,  and  we  may  wonder  at  what  has 
been  accomplished  in  Wisconsin  in  the  past  few  years 
in  view  of  the  compensation  received  by  the  officers 
who  are  charged  with  the  work  and  responsibility. 

Getting,  down  to  details,  the  county  organization 
should  first  of  all  provide  a  working  force  consisting 
of  su£Scient  men,  with  a  highway  commissioner  at  the 
head,  qualified  by  brains  and  energy  to  carry  out  the 
program  of  construction  and  maintenance.  The  coun- 
ty committee,  whether  elected  or  appointed,  should  be 
selected  for  their  fitness  for  and  interest  in  their  office. 
With  the  administration  placed  in  sucii  hands,  the 
work  of  the  department  will  proceed  properly.  The 
committee  should  provide  the  highway  commissoner 
with  such  assistants  as  the  work  requires,  and  not  as 
is  dictated  by  a  false  economy  or  a  fear  of  the  expense. 
These  employees  should  be  paid  a  compensation  that 
will  enable  them  to  devote  their  entire  time  to  the  de- 
partment, and  they  should  not  be  compelled  to  eke 
out  an  existence  during  a  part  of  the  year  at  other 
jobs.  Do  not  make  a  mistake  in  placing  the  scale  of 
wages  at  a  rate  that  will  discourage  or  drive  men  out 
of  the  work. 

Efficiency  commands  a  price  and  a  county  as  well  as 
all  other  organizations  must  have  that  in  order  not 
only  to  secure  results,  but  to  justify  itself  to  the  public. 

The  highway  commissioner  should  have  a  least  one 
awistant  upon  whom  he  can  place  the  burden  of  some 
of  the  detail  work  of  the  department,  both  in  super- 
vision of  construction  and  maintenance,  and  this  as- 


sistant should  be  capable  of  relieving  the  commissioner 
of  any  part  of  the  work  at  any  time. 

With  capable  foremen,  who  are  experienced  and 
faithful  in  their  work,  there  should  be  a  constant 
building  up  of  the  working  force  by  continuous  em- 
ployment of  men  who  show  an  interest  in  their  work 
and  perform  it  without  the  supervision  of  their  supe- 
riors. A  county  organization  should  strive  to  keep 
the  working  intact  from  year  to  year  so  far  as  pos- 
sible. Good  men  should  be  rewarded,  and  incompe- 
tents discharged  wi^out  ceremony.  The  department, 
should  be  organized  for  service,  pure  and  simple,  and 
no  other  consideration  should  be  allowed  to  enter  into 
the  organization  or  its  forces. 

The  county  committee  and  highway  commissioner 
should  make  plans  in  advance,  and  these  plans  should 
be  made  with  a  keen  foresight.  It  is  not  enough  that 
work  be  laid  out  for  a  year.  We  should  have  plans 
projected,  so  that  we  will  know  where  we  go  from 
here.  The  plans  or  program  should  be  constnictive  in 
the  fullest  meaning  of  the  term.  As  stated  in  the 
title,  we  exist  to  give  transportation  service,  and  the 
organization  should  strive  to  arrange  their  program 
and  plans,  as  well  as  practice,  to  serve  the  highway 
traffic.  This  service  should  be  continuous,  intensive 
and  emphatic.  I  repeat  that  plans  for  the  present 
should  be  made  with  an  eye  to  the  future,  and  an  or- 
ganization is  not  functioning  properly  unless  it  keeps 
at  least  two  jumps  ahead  of  the  public  demands.  There 
should  be  an  objective,  definite  and  conclusive  so  far 
as  possible,  projected  so  as  to  provide  service  for  the 
greatest  extent  of  the  community  in  the  least  possible 
time  consistent  with  the  machinery  and  funds  pro- 
vided for  the  purpose. 

Permit  me  to  advise  that  in  laying  out  the  program 
or  projects  the  needs  of  the  community  should  first  be 
considered.  We  are  the  servants  of  the  unit,  and  so 
far  as  is  consistent  with  good  practice  the  unit  should 
be  given  first  thought  and  first  consideration  in  pre- 
paring plans.  I  must  say  frankly  that  I  cannot  get 
very  enthusiastic  over  the  tourist  nor  the  man  in  the 
limousine.  My  bowels  of  sympathy  are  moved  pri- 
marily by  the  needs  of  the  community  and  its  com- 
merce, and  I  cannot  get  up  as  much  interest  in  a  super- 
cilious occupant  of  a  touring  car  as  I  can  in  Bill  Jones 
hauling  a  load  of  hogs  to  market  or  tlie  farmer  speed- 
ing to  town  in  his  flivver  with  the  family  bent  upon 
buying  something  in  our  stores  or  attending  the  mov- 
ies. We  are  the  servants  of  the  common  pi'ople,  the 
taxpayers  of  the  government,  and  the  flitting  passerby 
cannot  arouse  my  ire  by  criticising  our  program  of 
road  construction.  I  care  not  one  whoop  for  the  crit- 
icism of  anyone  but  the  men  who  pay  the  bills. 

The  county  organization  must  also  justify  itself  in 
the  service  rendered  by  not  only  the  construction  pro- 
gram, but  what  is  of  greater  importance,  that  of  in- 
tensive maintenance.  There  can  be  no  excuse  for  neg- 
(Contlnued  on  page  256) 


May  3,  1922 


GOOD    ROADS 


255 


CONSTRUCTION    TRANSPORTATION    MAINTENANCE 


Founded  January,   1892 


K.    h.    POWERS 
Editor 


461     EIGHTH    AVENUE 
NEW  YORK,  N.  Y. 

Cable  Address:  Gudrodes,  New  York 


Copy  for  advertisements  must  reach  the  New  York  office 
by  noon  on  Tuesday  of  the  week  before  date  of  Issue  If 
proofs  are  to  be  submitted. 

Copy  for  classified  and  other  advertisements  where  proofs 
are  not  required  will  be  accepted  until  noon  on  Monday  of 
the  week  of  Issue. 


Articles  by  road  builders  are  solicited.  They  should  be  short  and, 
if  possible,  accompanied  by  photographs.  Those  accepted  will  be 
paid  for  at  current  rates. 


Volume  LXII. 


May  3,  1922 


Number  18 


MOTOR  TRUCK  OVERLOADING 

Many  states  are  giving  considerable  attention  to  the 
overloading  of  motor  trucks  and  as  a  result  many  laws 
are  being  passed  which  attempt  to  overcome  this  evil. 
During  the  recent  session  of  the  New  York  Legislature 
a  law  was  passed  which  contains  drastic  provisions 
against  the  abuse  of  highways  in  that  state.  Loads 
are  limited  to  28,000  lb.  and  the  allowable  weight  on 
one  wheel  fixed  to  9,800  lb.,  with  a  maximum  load  per 
inch  tire  widtli  at  700  lb.  The  use  of  rubber  tires 
worn  to  less  than  1  in.  above  the  metal  flange  is  pro- 
hibited. For  tlie  first  time  the  speed  of  trucks  operat- 
ing in  the  state  is  regulated.  Motor  trucks  not  ex- 
ceeding two  tons  capacity  are  limited  to  a  speed  of  20 
mi.  an  hour  and  tri;cks  of  greater  capacity  than  two 
tons  are  limited  to  15  mi.  an  hour.  Trucks  equipped 
with  pneumatic  tires  are  allowed  an  additional  5  mi. 
in  excess  of  the  above  speeds.  Excess  loads  found  by 
inspectors  will  be  unloaded  on  the  roadside. 

That  New  York  intends  to  enforce  this  law  is  seen 
by  the  fact  that  recently  fines  of  $25  each  were  im- 
posed upon  150  motor  truck  drivers  in  one  day.  Since 
all  fines  collected  under  the  law  will  revert  to  the 
highway  funds  of  the  towns  in  which  the  arrests  are 
made,  it  is  probable  that  local  authorities  will  lend 
their  utmost  cooperation  to  the  enforcement  of  the 
law. 

For  the  first  offense  of  overloading  a  fine  of  if50  oi- 
month  in  jail  may  be  imposed,  for  the  second  offense 
a  minimum  fine  of  $50  or  two  months  in  jail  is  pro- 
vided, while  for  the  third  offense  the  minimum  fine 


that  can  be  imposed  is  $100  and  the  registration  of  the 
motor  truck  will  be  suspended  not  less  tlian  thirty 
days  nor  more  than  six  months. 


HIGHWAY  DRAINAGE 

Much  has  been  said  and  written  on  the  importance 
of  proper  drainage  to  the  life  of  a  road,  yet  it  is 
doubtful  that  this  subject  can  be  overemphasized. 
Elsewhere  in  this  issue  an  article  by  C.  M.  Upham, 
State  Highway  Engineer  of  North  Carolina,  who  states 
that  "no  distinct  advantage  can  be  claimed  for  tlie 
tile  drain  above  the  open  ditch ;  nor  can  it  be  said 
that  the  open  ditch  is  more  favorable  at  all  times  than 
the  tile  drain.  But  there  are  certain  conditions  where 
a  combination  of  the  two  will  be  the  most  practical. 
If  an  open  ditch  is  used  there  is  no  advantage  in  making 
it  any  deeper  than  to  intercept  water,  and  it  should 
not  be  so  deep  that  it  cannot  be  maintained  by  ma- 
chine ;  otherwise  the  maintenance  will  be  a  costly  item. 
An  open  ditch  can  be  used  to  intercept  water  as  effi- 
ciently as  a  tile  drain.  The  open  ditch  must  be  con- 
stantly maintained  and  presents  a  hazard  to  traffic. 
On  the  other  hand,  a  tile  drain  will  serve  as  well  as 
an  open  ditch  when  used  to  intercept  water  from  get- 
ting under  the  roadway.  The  maintenance  of  a  tile 
drain  is  generally  less  than  the  open  ditch,  although 
many  times  its  original  cost  of  construction  is  greater. 
At  no  time  does  the  tile  drain  present  any  hazard  to 
traffic,  and  for  this  reason  it  should  be  given  serious 
consideration." 


AMERICAN  ROAD  BUILDERS' 

ASSOCIATION  ANNUAL  MEETING 

The  annual  meeting  of  the  American  Road  Builders' 
Association  will  be  held  on  May  15  at  the  Automobile 
Club  of  America,  247  W.  54th  street,  New  York  City. 
Previously,  the  annual  meeting  was  held  in  November, 
but  the  date  has  been  advanced  to  May  so  as  to  en- 
able officers  elected  to  have  more  time  in  making 
plans  for  the  annual  convention  and  good  roads  show. 

In  the  morning  the  directors  will  meet.  In  the  af- 
ternoon at  3  o'clock  the  annual  general  meeting  of  the 
members  will  be  held,  at  which  the  officers  will  ren- 
der their  reports.  At  6:30  p.  m.  the  annual  "get- 
together"  dinner  will  be  held  in  the  grill  room  of  the 
club,  following  which  the  tellers  will  announce  tho 
officers  elected  for  the  ensuing  year.  The  retiring  and 
the  new  presiiunts  will  make  addresses. 


New  Orleans,  La.,  will  be  able  to  carry  out  its  1922 
paving  program  in  full.  The  fire,  police,  and  health 
departments,  in  response  to  an  appeal  from  the  Finance 
Commissioner,  have  given  over  $140,000  from  the  funds 
which  had  been  apportioned  to  them  in  the  1922  budget. 
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NECESSITY  FOR  STRONG 

COUNTY  ORGANIZATIONS 
(Continued  from  Page  254) 
lecting  any  part  of  this  work,  and  no  excuse  should 
be  accepted  by  the  administrative  authority  for  the 
lack  of  attention  to  this  work  upon  the  part  of  any 
employee.  The  county  should  provide  for  and  main- 
tain sufficient  patrolmen  to  properly  attend  to  this 
work,  and  pay  them  wages  sufficient  to  permit  them 
to  remain  in  the  service.  Niggardly  economy  or  re- 
strictions as  to  the  time  and  compensation  for  ihis 
service  should  bo  absolutely  eliminated,  and  the  county 
organization  should  be  not  only  broad-minded,  but  in- 
sistent upon  the  performance  of  maintenance  work. 
Droadminded,  I  mean  in  the  sense  of  being  liberal  in 
paying  wages,  and  rewarding  tlie  faithful  and  dis- 
charging the  incompetent.  The  public  views  this  sei'v- 
ice  as  the  most  important  in  connection  with  highway 
administration,  and  the  county  organization  must  meet 
the  demands  of  the  public,  and  strive  diligently  tn 
render  to  the  greatest  possible  extent  the  maintenance 
that  the  public  demands  and  has  a  right  to  on  our 
highways.  The  wisdom  of  the  Highway  Commission  in 
emphasizing  this  important  brancli  of  highway  work 
has  broag))t  forth  results  that  are  not  only  reflecting 
glory  upon  Wisconsin,  but  what  is  more  important, 
the  satisfaction  and  approval  of  the  public. 

The  committee  must  give  attention  to  their  duties, 
and  not  neglect  their  responsibilities  by  the  thought 
that  it  is  costing  a  county  a  few  dollars  every  time 
they  meet.  The  law  has  imposed  obligations  and  re- 
sponsibilities upon  the  county  committee,  and  none  of 
these  can  be  overlooked  or  neglected  without  impair- 
ment of  the  service.  Ordinarily  the  average  county 
committees  of  the  county  boards  have  been  sort  of 
afraid  of  meeting,  for  fear  the  board  might  criticise 
or  view  with  suspicion  their  per  diem  accounts.  The 
present  statutory  committee  cannot  function  properly 
if  it  has  that  in  mind. 

The  essentials  of  a  county  organization  must  be  a 
capable  highway  commissioner  backed  by  a  county 
committee  with  a  keen  sense  of  respon.sibility  and  en- 
thusiasm. The  committee  must  have  the  road  program 
in  mind  and  mu.st  plan  with  discernment  and  fore- 
sight. The  committee  should  provide  the  highway 
commissioner  with  sufficient  and  capable  foremen,  and 
pay  these  men  good  wages,  ample  to  permit  them  to 
live  upon  their  eaminigs  and  to  remain  year  after 
yenr  in  the  county's  employ.  Do  not  make  the  mis- 
take of  cutting  wages  too  low.  Efficiency  commands 
A  price,  and  a  county  mtist  have  that  if  it  is  to  secure 
results  for  the  money  expended  in  road  building. 

The  highway  commissioner  should  have  at  least  one 
assistant  upon  whom  he  can  depend  under  all  circum- 
stances. In  our  county  we  have  one  assistant,  who 
also  acts  as  superintendent  of  maintenance.  The  high- 
way commisioner  should  have  someone  who  can  relieve 
him  of  some  of  the  detail  work  and  supervision,  and 


the  committee  can  arrange  this  assistant's  duties  so 
that  he  can  not  only  relieve  the  commissioner,  but  be 
of  valued  assistance  in  the  general  work  of  the  depart- 
ment and  a  saving  to  the  county  in  many  ways. 
Our  county's  plan  is: 

Five  members  of  the  committee,  appointed  by  the 
chairman  of  the  county  board. 

A  committee  clerk,  who  attends  to  the  accounting 
work  of  the  department. 

The  committee  meets  frequently,  at  least  once  each 
month.  Frequent  inspections  of  the  county  roads  and 
bri.lges  are  made  and  work  in  hand  and  projects  for 
thf  future  are  inspected  and  taken  under  advisement. 
We  aim  to  keep  a  careful  oversight  of  work,  and  to 
protect  the  public  from  bridges  that  may  become  inad- 
equate to  carry  the  increasing  tonnage. 

We  initiate  projects  and  consult  with  town  boards 
wiith  reference  to  roads  and  bridges  and  suggest 
changes  and  relocations  that  will  be  of  public  benefit. 
We  advise  town  boards  as  to  advisabilty  of  grant- 
ing petitions  for  alterations  in  or  laying  out  of  high- 
ways and  volunteer  our  assistance  in  road  matters  and 
securing  right  of  ways  in  such  eases,  enabling  the 
towns  to  purchase  releases  at  a  saving  of  money  in 
many  instances. 

We  prepare  a  budget  for  the  annual  meeting  of  the 
county  board  and  outline  the  work  for  the  ensuing 
year.  We  also  make  a  printed  report  to  the  board 
each  year,  and  include  the  highway  commissioner's 
report  in  the  book.  The  report  may  not  be  important, 
but  we  find  that  the  publicity  that  it  gives  and  the  at- 
tention that  it  attracts  from  the  public  demonstrates 
that  it  is  well  worth  while  and  interesting.  We  print 
500  copies  each  year  and  these  are  in  great  demand 
and  the  supply  is  generally  exhausted  during  the  year. 
The  budget  includes  the  appropriations  asked  for 
by  the  towns,  which  we  approve  or  disapprove  before 
they  are  included  in  our  estimates,  and  we  find  that 
our  recommendations  are  invariably  adopted  and  ap- 
proved by  the  county  board,  as  they  realize  that  the 
committee  is  in  a  position  to  advise  whether  or  not 
the  appropriation  can  be  spent  to  good  advantage  and 
for  the  public  good  of  the  town  and  county.  Our 
budget  is  carefully  considered  and  generally  checked 
over  before  being  presented,  and  we  always  get  the 
money. 

We  believe  in  the  widest  publicity  and  we  have  cre- 
ated an  interest  in  our  work  by  tellinf:^  the  people 
through  the  newspapers  and  in  our  reports  what  we 
have  done,  what  we  are  doing  and  what  we  propose 
to  do,  and  we  invite  their  constructive  criticism.  The 
result  is  that  we  have  behind  us  a  strong  public  sen- 
timent in  favor  of  and  approval  of  our  road  program, 
and  the  construction  and  improvement  of  our  roads 
goes  foward  vdth  liberal  appropriations  by  the  county 
board  and  the  confidence  and  commendation  of  the 
taxpayers. 
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Developments  in  Methods  of  Constructing 

Brick  Pavements* 


By  ARTHUR  H.  BLANCHARDf 


» 


During  the  past  decade,  the  brick  pavement  has  had 
an  unusual  liistory  of  development.  Paving  brick  have 
been  manufactured  in  a  great  variety  of  sizes  and 
types.  Changes  in  methods  of  construction  have  been 
many  and  varied,  some  of  which  have  been  very  unsat- 
isfactory. Notwitlistanding  these  conditions,  the  prop- 
erly constructed  brick  pavement  has  remained  a  gen- 
erally accepted  type  for  use  on  state  and  county  trunk 
highways,  subjected  to  intensive  and  heavy  traffic,  and 
for  use  on  many  classes  of  streets  in  municipalities. 
Tlie  time  is  opportune  to  analyze  the  present  status  of 
paving  brick  and  brick  pavements,  especially  from  tlie 
standpoint  of  types  of  paving  brick  and  also  because 
that  leader  of  practice  for  many  communities,  the  Na- 
tional Paving  Brick  Manufacturers'  Association,  re- 
cently has  given  material  aid  in  the  simplification  of 
the  paving  brick  situation  and  is  now  advocating  the 
general  utilization  of  an  efficient  method  of  construc- 
tion. 

In  this  discussion  of  brick  pavements,  only  two  im- 
portant characteristics  of  an  ideal  pavement  will  be 
considered.  It  is  generally  acknowledged  what  satis- 
factory pavements  must  be  durable  and  waterproof.  A 
brief  analysis  of  the  several  types  of  brick  pavements 
will  be  considered  from  the  standpoint  of  these  two 
essential  characteristics. 

In  tlie  early  days  of  brick  pavement  construction, 
a  sand  foundation  and  sand  filler  were  employed.  This 
foundation  proved  inadequate  for  even  medium  traffic 
while  the  joints,  being  filled  with  sand,  allowed  water 
to  pass  through  them  to  the  sand  bed  below.  A  move- 
ment of  the  sand  in  the  joints  and  bed  naturally  fol- 
lowed with  the  resiilting  displacement  of  the  brick 
under  traffic. 

The  first  noteworthy  development  was  the  utilization 
of  the  cement  concrete  foundation,  sand  cushion  and 
bituminous  cement  with  which  to  fill  the  joints.  These 
improvements  indicated  the  application  of  -sound  en- 
gineering principles  to  the  design  of  brick  pavements. 
II  was  soon  recognized  that  one  essential  feature  of 
this  metliod  of  con.struetion  was  to  utilize  a  bituminous 
cement  which  would  adhere  to  the  brick  and  would  not 
be  susceptible  to  changes  in  temperature  to  suck  an  ex- 
tent as  to  make  it  unsuitable  for  use  as  a  filler.  Un- 
fortunately, some  of  the  bituminous  cement  fillers 
employed  had  a  tendency  to  chip  or  become  brittle  in 
cold  weather  and  flow  in  warm  weather.  The  results 
were  unfortunate  as  the  joints  did  not  remain  filled 
with  bituminous  cement  and  the  exposed  edges  of  the 

*  Paper  presented  at  Eighth  Annual  Conference  on 
Highway   Engineering   at   the   University   ot   Michigan. 

tProfessor  of  Highway  Engineering  and  Highway 
Transport,  University  of  Michigan. 


brick  were  chipped  or  broken  off  by  the  impact  of 
iron  tired  wheels  or  horses'  hoofs.  Fortunately,  how- 
ever, many  brick  pavements  were  laid  with  joints  filled 
with  asphalt  cement  having  the  proper  physical  and 
chemical  properties,  including  a  minimum  suscepti- 
bility to  changes  in  temperature.  In  1911  and  1912, 
the  writer  had  the  opportunity  to  inspect  many  sec- 
tions of  brick  pavement,  with  asphalt  filled  joints,  in 
municipalities  in  Indiana,  Michigan,  and  Wisconsin. 
These  pavements  had  joints  filled  practically  flush  with 
the  surface  of  the  pavement  although  they  had  been 
subjected  to  traffic  for  from  five  to  ten  years.  The 
pavements  possessed  the  desirable  durability,  while 
the  surfaces  were  waterproof.  This  type  of  construc- 
tion has  continued  to  be  used  by  engineers  who  are 
familiar  with  the  best  methods  of  constructing  pave- 
ments. 

The  next  development  was  fathered  by  the  National 
Paving  Brick  Manufacturers'  Association.  It  consisted 
in  the  substitution  of  cement  grout  filler  for  the  bi- 
tuminous cement  filler.  After  several  years  use  of  this 
method  of  construction,  it  was  finally  conceded  that  it 
v.^as  very  difficult  to  secure  uniformly  filled  joints  by 
using  cement  grout  and  that  a  monolithic  brick  slab 
cracked,  due  to  temperature  stresses,  thus  enabling 
water  from  the  surface  of  the  pavement  to  reach  the 
sand  cushion,  which  gradually  became  displaced.  It 
also  became  evident  that  the  action  of  traffic  on  the 
w(!ak  sections  of  the  pavement  surface  and  on  portions 
of  the  brick  wearing  course  over  the  areas  of  displaced 
sand  cushion  caused  many  failures  of  brick  pavements. 
These  failures  were  due  primarily  to  contraction 
stresses.  Failures,  however,  occurred  due  to  expansion 
stresses,  such  as  the  "blowing  up"  of  sections  of  brick 
pavements. 

The  next  developments  were  also  introduced  by  the 
National  Paving  Brick  Manufacturers'  Association,  one 
of  the  ncAv  methods  consisting  in  laying  the  brick  on 
a  cement  mortar  bed  resting  on  a  cement  concrete 
foundation  and  the  other,  laying  the  brick  on  green 
concrete.  The  joints  in  both  methods  were  filled  with 
cement  grout.  These  methods  are  not  at  present  pro- 
moted by  the  Association. 

West  of  the  Mississippi,  the  Western  Paving  Brick 
Manufacturers'  Association  has  exerted  considerable 
influence.  This  Association  advocates  the  use  of  what 
is  called  vertical  fibre  brick  with  the  rough  surfaces 
uppermost  and  recommends  that  the  surface  be  covered 
with  a  squeegeed  coat  of  asphalt  and  the  joints  filled 
with  asphalt  cement. 

At  the  last  meeting  of  the  National  Paving  Brick 
Manufacturers'  Association,  held  on  December  7,  1921, 
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the  Association  expressed  "its  confidence  in  asphalt 
filled  brick  wearing  surface  for  street  and  highway 
paving  properly  designed  and  built  with  acceptable  ma- 
terials and  thorough  methods."  and  the  Association 
further  declared  "its  preference  for  the  asphalt  filled 
types  of  wearing  surface"  with  the  proviso  that  "pre- 
ferment of  the  foregoing  type  of  brick  wearing  surface 
fcr  general  use  shall  be  without  prejudice  to  any  other 
type  which  may  possess  peculiar  adaptation  to  special 
local  conditions."  In  view  of  the  fact  that  the  Asso- 
ciation has  exerted  a  powerful  influence  over  the  prac- 
tice of  the  construction  of  brick  pavements  in  many 
sections  of  the  country,  it  is  hoped  that,  as  a  result  of 
its  latest  recommendation,  the  durability  of  future 
construction  in  all  sections  of  the  country  will  not  be 
jeopardized  by  the  use  of  cement  grout  as  a  filler  but 
that  bituminous  cements,  possessing  the  desired  charac- 
teristics, will  be  universally  employed. 

In  order  to  inarure  the  use  of  a  bituminous  cement 
possessing  the  desirable  practical  minimum  suscepti- 
bility to  changes  in  temperature,  the  writer,  in  his 
private  practice  in  northern  states,  has  recommended, 
among  other  requirements,  the  following  clauses  cover- 
ing the  penetration  of  asphalt  cement  fillers: 

Penetration  at  25°C.  (77°F.),  100  grams,  5  sec,  30 
to  40. 

Penetration  at  4*  C.  (39°  F.),  200  grams,  1  min.,  not 
less  than  15. 

Penetration  at  46*  C.  (US'  P.),  50  grams,  5  sec,  not 
more  than  85. 

In  order  that  the  asphalt  cement  may  be  economically 
used  to  fill  the  joints,  the  writer  advocates  the  use  of 
conical  pouring  cans.  The  practice  of  squeegeeing  as- 
phalt cement  over  the  surface  of  a  new  lug  brick  pave- 
ment is  uneconomical,  as  a  thin  surface  of  asphalt  is 
not  an  essential  part  of  a  properly  constructed  brick 
pavement.  "Whereas  it  may  be  practicable  to  secure 
good  adhesion  between  asphalt  cement  and  the  rough 
surface  of  the  wire  cut  sides  of  paving  brick,  the  ex- 
perience of  the  writer  indicates  that  asphalt  cemem 
applied  to  the  glazed  surface  of  paving  brick  will 
Udually  peel  off  after  being  subjected  to  intensive  and 
heavy  traffic. 

The  present  types  of  paving  brick  manufactured  re- 
quire careful  consideration  from  the  standpoint  of  the 
eflSci-nt  construction  of  durable  and  waterproof  brick 
pavements. 

A  notable  economic  development  resulted  from  the 
action  of  the  Secretary  of  Commerce  of  the  United 
States,  Hon.  Herbert  C.  Hoover,  in  calling  a  Conference 
on  the  ".Simplification  of  Variety  and  Standards  for 
Vitrified  Paving  Brick"  in  Washington  on  November 
15,  1921.  This  conference  recommended  the  elimina- 
tion of  55  out  of  66  varieties  of  paving  brick  use  1  in 
the  United  States.  The  11  vatletien  which  were  re- 
tained include  two  sizes  of  plain  v/ire-cut  brick,  two 
varieties  of  reprewed  lug  brick,  two  varieties  of  vcr- 


tieul  fibie  lug  brick,  three  varieties  of  wire-cut  lug 
brick,  and  l\vo  varieties  of  Mllside  lug  brick. 

Leaving  out  of  consideration  hillside  lug  brick,  high- 
way departments  east  of  the  Mississippi  Rivtr  are  pri- 
marily interested  in  the  three  types,  plain  wire-cut 
brick,  repressed  lug  brick,  and  wire-cut  lug  brick. 
The  two  types  of  lug  brick  have  beei\  in  successful 
use  for  many  years  and  their  inherent  merits  are  well 
established.  Many  highway  departments  allow  the 
use  of  either  of  these  types  under  their  specifications. 
It  is  well  known  that  the  utilization  of  lugs  on  the 
sides  of  these  two  types  of  biick  is  for  the  purpose  of 
uniformly  spacing  in  the  laying  of  the  brick  in  pave- 
ments and  the  providing  of  joints  which  can  be  filled 
satisfactorily. 

In  1919,  some  of  the  manufacturers  of  vitrified  pav- 
ing brick  began  to  manufacture  a  plain  wire-cut  brick. 
As  a  result  of  the  United  States  Department  of  Com- 
merce Conference,  two  sizes  of  this  type  of  brick  will 
be  manufactured,  namely,  3x4x81/2  in-  and  3^x4x8j!^ 
ill.  As  these  brick  do  not  have  lugs,  it  is  apparent 
that  two  requirements  relative  to  depth  may  be  sat- 
isfied with  one  size  of  brick.  For  example,  the  3x4x8>^ 
in.  may  be  used  by  highway  departments  which  wish 
to  lay  brick  witli  a  four  inch  depth  and  also  by  those 
departments  which  wish  to  use  a  three  inch  depth. 

Since  the  introduction  of  this  type  of  brick,  the 
writer  has  endeavored  to  determine  its  merits  and  the 
economy  of  its  use.  It  is  apparent  that  the  following 
question  would  naturally  arise.  Will  it  be  practicable 
to  space  the  brick  during  construction  so  as  to  provide 
uniform  and  satisfactory  joints?  It  was  soon  evident 
that  the  proper  construction  of  a  pavement  surface  of 
lugless  brick  would  depend  upon  the  ability  of  the 
pavers  to  satisfactorily  and  uniformly  space  the  brick. 
Reports  from  contractors  indicate  that  considerable 
difficulty  was  encountered  even  leading  to  the  use  of 
artificial  means,  such  as  the  employment  of  an  angle 
iron,  to  secure  the  desired  joints  in  the  brick  surface. 

Information  relative  to  the  results  secured  was  so 
unsatisfactory  that  the  writer  decided  to  construct  an 
experimental  pavement  in  the  laboratories  of  the  Divi- 
sion of  Highway  Engineering  and  Highway  Transport 
ai  the  University  of  Michigan.  The  writer  wishes  to 
acknowledge  his  indebtedness  to  Professor  John  H. 
Bateman,  Director,  Michigan  State  Highway  Labora- 
tory, laboratory  assistant.s  and  two  engineers  of  the 
Ohio  Paving  Brick  Manufacturers'  Association  for  their 
kind  cooperation  in  the  construction  of  the  test  pave- 
ment. 

The  experimental  pavement  was  constructed  -with- 
in a  wooden  frame,  2  ft.  6  in.  in  width  and  8  ft.  in 
length,  which  rested  on  a  cement  concrete  floor.  A 
sand  bed,  1  in.  in  thickness  was  prepared  upon  which 
31/^x4x8^  in.  plain  wire-cut  brick,  furni.shed  by  the 
Metropolitan  Paving  Brick  Company,  were  laid  by  one 
of  the  engineers  of  the  Ohio  Paving  Brick  Manufact- 
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urers'  Association.  The  section  was  laid  to  conform 
with  average  practice  on  contract  work.  A  Texaco 
asphalt  cement  filler,  having  a  normal  penetration  of 
33,  was  heated  to  350°  F.  It  was  poured  by  one  en- 
gineer and  squeegeed  by  another  engineer  of  the  Ohio 
Paving  Brick  Manufacturers'  Association  in  accordance 
with  the  standard  specifications  recommended  by  the 
National  Paving  Brick  Manufacturers'  Association. 

On  several  rows  of  brick,  complete  measurements 
covering  the  widths  of  all  end  and  side  joints  were 
taken  before  the  application  of  the  filler.  The  measure- 
ments, expressed  in  inches,  of  the  end  joints  of  a  part 
of  a  typical  row  follow :  1-16,  1-64,  1-8,  1-4,  1-8,  1-16, 
1-64,  1-16,  1-64.  The  joints  on  one  side  of  this  row 
measured  as  follows,  there  being  two  measurements  to 
each  brick  due  to  the  fact  that  the  bricks  were  laid 
to  break  joints  in  adjacent  rows:  1-8, 1-4, 1-16,  1-16,  1-4, 
3-16,  1-8, 1-8, 1-16, 1-8,  5-16,  3-16, 1-8, 1-32.  The  measure- 
ments on  the  other  side  of  this  row  of  brick  were  as 
follows:  1-8,  1-32,  1-16,  1-8,  1-64,  1-64,  1-64,  1-8,  3-16, 
3-16,  1-4,  3-16. 

With  the  approval  of  the  engineers  representing  the 
Ohio  Paving  Brick  Manufacturers'  Association,  the 
pavement  was  taken  apart  four  days  after  it  was  laid. 
The  depth  of  penetration  of  the  asphalt  cement  on  the 
sides  of  the  brick  was  found  to  vary  from  0.1  to  3.5 
in.,  the  full  depth  of  brick.  The  average  depths  of 
penetration  on  three  sets  of  six  consecutive  bricks  were 
0.7,  1.2   and   1.6   in. 

The  results  obtained  in  the  construction  of  the  test 
pavement  conform  with  the  results  which  one  might 
expect  from  the  use  of  plain  brick  without  some  ar- 
tificial means  of  securing  suitable  open  joints.  Even 
if  some  method,  such  as  the  use  of  an  angle  iron,  was 
employed  to  secure  uniformly  spaced  plain  wire-cui 
brick,  there  is  no  guarantee  that  the  brick  would  noi 
be  displaced  during  rolling  prior  to  tlie  application  of 
the  asphalt  filler. 

Considering  the  established  fact  that  successful 
asphalt  filled  brick  pavements  may  be  constructed  with 
repressed  and  wire-cut  lug  brick  and  that  the  use  of 
plain  wire-cut  brick  is  accompanied  with  great  risk 
relative  to  securing  well  filled  joints,  the  writer  is  of 
the  opinion  that  conservative  practice  dictates  that 
only  lug  brick  should  be  employed.  From  the  stand- 
point of  the  economics  of  construction,  the  use  of  the 
plain  wire-cut  brick  is  not  justified.  There  is  no  in- 
dication at  present  that  there  is  any  material  difference 
ir.  the  price  p?r  thousand  of  the  lugless  brick  and  tlie 
Ir.g  brick.  Furthermore,  granted  an  increase  in  cost  of 
Ing  brick  over  lugless  brick,  the  excess  cost  of  lug  brick 
is  a  good  investment  from  tlie  standpoint  of  insuring 
the  construction  of  a  durable  pavement  with  the  joints 
proporly  filled  with  asphalt  cement. 


BITUMINOUS  TREATMENTS  FOR 

EARTH  AND  GRAVEL  SURFACES 

In  the  consideration  of  the  problem  of  how  to  pre- 
serve and  derive  the  maximum  service  from  its  top 
soil,  sand-clay  and  gravel  roads,  the  State  of  North 
Carolina  has  something  in  common  with  many  other 
states,  having  large  mileages  of  these  type  of  roads 
which  now  demand  some  form  of  treatment  to  pro- 
tect them  from  the  disintegrating  effects  of  modern 
traffic. 

The  North  Carolina  State  Highway  Department  has 
found  that  a  bituminous  material  light  enough  to  i)€n- 
etrate  the  sand-clay,  top  soil  or  gravel  surface  does 
not  liave  binding  quality,  and  on  the  other  hand  it 
was  developed  that  a  material  which  did  have  suffi- 
cient binding  quality  was  too  heavy  to  penetrate  the 
road.  In  the  case  of  the  heavy  treatment,  the  bitu- 
minous material  went  into  the  formation  of  a  mat  on 
the  surface  of  the  road,  and  the  bond  between  the 
road  and  the  bituminous  mat  was  eventually  destroyed 
by  the  dusting  up  of  the  surface  beneath  the  mat.  The 
weakness  in  this  treatment  was  not  in  the  bituminous 
blanket  but  in  the  contact  between  the  bituminous 
blanket  and  the  road  surface. 

The  sand-clay,  top  soil  or  gravel  surface  is  first 
softened  by  sprinkling,  and  then  a  single  layer  of 
broken  stone  or  gravel  of  approximately  1.5  in.  in 
size  is  rolled  inot  the  surface.  After  giving  the  sur- 
.  face  time  to  dry  out,  and  in  order  to  secure  maximum 
consolidation,  the  roadway  is  opened  to  traffic  for  a 
short  period,  after  which  it  is  swept  clean  by  brooming. 

The  road  then  presents  an  ideal  surface  for  treat- 
ment with  an  asphaltic  material,  one  to  which  a  mate- 
rial possessing  the  desirable  binding  qualities  may  be 
applied  witliout  danger  of  being  separated  from  the 
road  surface  by  the  dusting  up  of  the  surface  as  a 
result  of  the  impact  of  traffic. 

The  North  Carolina  State  Highway  Department  has 
used  Texaco  No.  55  road  oil  in  its  experiments,  and 
while  the  new  construction  has  not  been  subjected  to 
traffic  long  enough  to  say  that  it  has  proven  absolutely 
satisfactory,  it  is  anticipated  that  the  result  of  the  ex- 
periment will  be  to  produce  a  waterproof,  durable  and 
resilient  mat  which  will  add  considerably  to  the  effi- 
ciency and  life  of  sand-clay,  top  soil  and  gravel  roads. 


Union  County,  New  Jersey,  recently  adopted  a  pav- 
ing program  involving  the  estimated  expenditure  of 
$753,000  for  new  roads  and  resurfacing. 


LOWER  COST   OF   ROAD   CONSTRUCTION 

Confirmation  of  the  predicted  lower  level  of  prices 
for  road  construction  this  year  is  found  in  the  reports 
on  bid  prices  of  286  mi.  of  federal  aid  roads  received 
by  the  Bureau  of  Public  Roads  during  the  week  end- 
ing April  8. 

The  average  cost  per  mile  of  some  of  the  types  of 
roadway,  including  the  cost  of  grading  and  drainage, 
wero :  78  mi.  of  gravel  at  $9,150  a  mile,  46  mi.  of  con- 
crete at  $29,000  a  mile,  47  mi.  of  bituminous  macadam 
at  $25,000  a  mile,  and  23  mi.  of  bituminous  concrete 
at  $25,000  a  mile. 
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MEETINGS 

Calendar  of  Coming  Meetings 

May  12 — ^National  Highway  Traffic  Association — ^An- 
nual meeting,  Automobile  Club  of  America,  New  York 
City.  SecreUry,  Elmer  Thompson,  247  West  54th  St., 
New  York  City. 

Hay  26-27  —  Dixie  Highway  Association  —  Annual 
convention,  Jacksonville,  Fla.  Secretary,  M.  B.  Rob- 
erts, 302  First  National  Bank  Bldg.,  Chattanooga,  Tenn. 

June  4-6 — American  Association  of  Engineers — An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary, 
C  E.  Drayer,  Chicago,  111. 

June  13-16 — Canadian  CJood  Roads  Association- 
Ninth  annual  convention,  Victoria,  B.  C.  Secretary- 
treasurer,  George  A.  McNamee,  Birks  Bldg.,  Montreal, 
Canada. 

June  26-July  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineeis'  Club  Bldg.,  Phila- 
delphia, Pa. 

Aug.  9-10 — Ouster  Battlefield  Highway  Association 
—Annual  meeting,  Sheridan,  "Wyo.  Secretary,  W.  D. 
Fisher,  Sheridan,  "Wyo. 

Oct.  9-13— American  Society  for  Municipal  Improve- 
ments— Annual  convention,  Cleveland,  0.  Secretary, 
Charles  Carroll  Brown,  St.  Petersburg,  Fla. 


CONFERENCE  ON  TRAFFIC  SIGNAL  COLORS 

The  American  Engineering  Standards  Committee  has 
called  a  conference  to  be  held  May  23  at  the  rooms 
of  the  committee  in  the  Engineering  Societies  Build- 
ing, 29  West  39th  street.  New  York  City,  to  determine 
whether  a  standardizaion  of  the  colors  used  for  traffic 
signals  should  be  undertaken. 

This  conference  has  been  called  in  accordance  with 
requests  received  from  the  Illuminating  Engineering 
Society  and  from  the  International  Traffic  Officers' 
Association.  These  organizations  have  called  atten- 
tion to  the  fact  that  there  are  being  placed  on  the  mar- 
ket and  in  use,  semaphore  control  apparatus  having 
numerous  colored  lights  at  variance  with  each  other 
and  at  variance  with  colored  lights  used  for  other 
purposes  along  the  highways,  thus  leading  to  confusion 
and  to  numerous  accidents.  In  their  opinion  there  is 
need  of  a  thorough  study  of  colors  for  traffic  signals 
in  order  that  there  may  be  national  uniformity  in  the 
use  of  colored  lights  for  such  purposes.  Consideration 
will  be  given  to  the  use  of  colored  signal  lights  on  au- 
tomobiles, bicycles,  tractors,  trailers  and  horse-drawn 
vehices;  to  their  use  on  semaphores  and  other  position 
signals  along  highway.s  and  at  curbs;  to  methods  of 
specifying  or  defining  colors  for  such  uses ;  and  to  the 


relation  of  such  lights  to  railway  signals,  to  temporary 
danger  signals  placed  along  highways,  and  to  fire  exit 
signals. 

The  status  of  the  subject  and  the  facts  bearing  on 
it  as  they  exist  in  the  automobile,  steam  railway,  elec- 
tric railway  and  regulatory  commission  fields  will  be 
outlined  in  a  few  brief  papers  in  order  to  lay  a  proper 
foundation  for  the  discussion  of  the  necessity  for  and 
feasibility  of  developing  standard  colors  for  traffic 
signals. 


WAR  MATERIAL  FOR  ROAD   CONSTRTCTION 

A  force  of  about  275  persons  is  kept  in  the  field  by 
the  Bureau  of  Public  Roads  to  inventory  and  prepare 
for  shipment  to  the  various  states  the  vast  supply  of 
surplus  war  material  which  is  suitable  for  highway 
construction.  The  material  is  allotted  to  the  states 
on  the  same  basis  as  the  monetary  federal  aid  for  road 
construction.  Every  effort  is  being  exerted  to  make 
this  material  available  early  this  season.  Surplus  war 
materials  recently  received  for  distribution  and  located 
at  Schenectady,  N.  Y. ;  Watertown,  Mass. ;  and  Dover, 
N.  J.,  include  200  carloads  of  brick,  about  lialf  of 
which  is  suitable  for  highway  paving;  5,000,000  lb. 
of  nails,  1,000,000  lb.  of  staples,  1,000,000  sq.  ft.  of 
concrete  reinforcing  mesh,  200,000  monkey  wrenches 
and  133  carloads  of  picks  and  pick  handles. 


REPAIR  ROAD  WITH  VOLUNTEER  LABOR 

According  to  the  Secretary  of  the  Chamber  of  Com- 
merce of  Canon  City,  Colo.,  the  Phantom  Canon  High- 
way has  been  reconditioned  by  volunteer  labor.  The 
road,  which  was  rendered  impassable  by  floods,  covers 
32  mi.  from  Canon  City  and  Florence  to  Victor  and 
Cripple  Creek.  The  state  and  county  highway  appro- 
priations could  not  take  care  of  the  expenditures  neces- 
sary to  restore  it  to  normal  condition  and  the  citizens 
of  the  localities  through  which  the  road  passes  decided 
to  take  the  matter  into  their  own  hands.  With  from 
75  to  150  men  working  each  day,  two  weeks'  time  saw 
the  road  again  open  for  travel. 


EXAMINATIONS  FOR  TRANSITMAN 

The  United  States  Civil  Service  Commission  will 
hold  an  exaniinaiton  on  May  10  for  transitman  in  the 
General  Land  Office  Service,  $120  to  $150  per  month 
and  subsistence  while  in  the  field.  Application  should 
be  made  to  United  States  Civil  Service  Commission, 
Washington,  D.  C,  or  to  any  local  office  of  the  com- 
mission- 


A  recent  change  in  the  laws  of  Virginia  provides 
that  the  entire  proceeds  of  the  automobile  tax  after 
Dec.  31,  1922,  shall  revert  to  the  maintenance  of  the 
state  highways.  At  the  present  time,  one-third  of  the 
tax  is  available  for  construction.  Motor  vehicle  fees 
in  Virginia  amount  to  approximately  $2,000,000  an- 
nually. 
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The  Missouri  River  Bridge  in  North  Dakota 

Many  Interesting  Engineering  Problems  Encountered    in    Construction 

of  Sub-Structure— Total  Cost   of    Structure    Will    Amount 

to   Approximately  ^1,325,000 

By   W.   H.   BOlJIXSOXt 


Just  wlieu  tliu  ^lissouri  Kivcr  Uridgu  had  its  begiu- 
iiiug  is  very  difficult  to  detunniue.  Some  philosophers 
tell  us  that  all  things  have  their  beginning  in  the  world 
of  thought,  which  they  consider  to  be  the  oidy  true 
world  and  that  the  material  world  is  simply  an  imita- 
tion or  refieetion  of  that  true  world,  lie  that  as  it 
may,  the  people  of  Bisuuirek  and  Mandan  and  otiier 
localities  who  have  frequently  had  to  cross  the  Missouri 
River  by  means  of  a  ferry  or  who  are  unable  to  cross 
it  at  certain  periods  of  the  year  decided  that  a  bridge 
existing  only  in  the  minds  of  men  was  not  adequate 
for  their  purposes  and  therefore  at  different  times  dur- 
ing the  past  have  attempted  to  materialize  such  a 
structure. 

The  first  record  we  have  of  tliese  attempts  is  one 
some  six  or  eight  years  ago,  when  the  state  engineer 
was  called  upon  to  prepare  preliminary  plans  and 
make  an  estimate  of  the  cost.  This  attempt  was  not 
immediately  successful.    Along  about  1918  a  successful 
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Secretary,    Nortli    Dakota     State 


effort  w'as  niade  to  secui'e  authorization  from  Congress 
for  the  construction  of  such  a  biitlge.  This  authoriza- 
tion was  given  on  Feb.  27,  1919.  About  the  same  time 
a  bill  was  passed  by  the  North  Dakota  Legislatuie 
wliich  appeared  to  authorize  state  aid  in  the  amount 
of  one-third  to  bridges  located  on  the  state  line  or 
over  a  navigable  stream.  The  legislature,  however, 
failed  to  provide  a  fund  that  could  be  legally  drawn 
upon  for  that  purpose  until  the  special  session  of  1919, 
when  an  appropriation  of  $225,000  was  made.  The  ses- 
sion of  1921  made  an  additional  appropi'iation  of  .$175,- 
000,  making  available  a  total  of  $400,000  to  meet  the 
state's  share  of  the  cost.  This  did  not  prevent  pre- 
liminary action  on  the  proposed  bridge.  Early  in 
April,  1919,  negotiations  were  begun  between  the 
Counties  of  Burleigh  and  Morton. 

On  May  3,  1919,  the  Burleigh  County  commissioners 
passed  a  resolution  appropriating  $90,000  to  become 
available  at  the  rate  of  $30,000  per  year  for  the  years 
beginning  July  1,  1919,  1920  and  1921.  On  May  6  of 
the  same  year  Morton  County  made  a  similar  appro- 
priation. Later,  these  appropriations  were  increased  to 
$131,000  by  each  count  v. 
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On  May  19  of  the  same  year  bids  lor  preliminary 
I'Uginering  were  reeeived  at  ilaiulaii.  Six  or  seven 
bids  were  received,  whicli  iiieliuicil  proi)osals  Iroin 
some  of  tlie  best  kiiowu  eiigiueerliij?  lirius  in  the  coun- 
try. Tlie  purpose  of  tliis  preliminary  engineering  was 
to  make  test  borings  over  the  proposed  site  or  sites 
and  furnish  preliminary  plans  tiiat  would  be  satisi'ac- 
tory  to  the  ^tate  Highway  Commission  and  the  Bureau 
of  Public  Roads.  The  C.  A.  V.  Turner  Company,  of 
Minneapolis,  was  selected  by  tlie  eounty  boards,  thu 
highway  commission  having  submitted  design  specifica- 
tions for  the  structure  and  liaving  intimated  tliat  it 
would  accept  the  jjlans  of  the  engineer  selected  ii 
same  were  satisfactory  to  the  Bureau  of  Public  Roads, 
which  was  expected  to  funiLsli  half  of  the  funds. 

The  general  plans  were  submitted  to  tiie  higluvay 
conunission  during  November  of  that  year  and  were 
approved  on  December  29.  In  tlie  meantime  plans 
had  also  been  submitted  to  the  War  Department  for 
their  approval.  Tiie  War  1)  partmeiit  formerly  had 
required  a  clearance  of  50  ft.  above  tlie  liighest  water 
level  of  tlie  navijiation  seaseii.  It  was  believed  by 
many  that  tiiis  clearance  was  far  greater  than  the  pres- 
ent or  prospective  navigation  needs  demanded  and  a 
movement  was  begun  in  19J9  endeavoring  to  have  this 
clearance  requirement  reduced.  A  luaring  was  iield 
at  Kansas  City  during  the  fall  of  that  year  and  on 
Jan.  8,  1920,  the  War  Dejiartment  approved  the  pro- 
posed plans  showing  a  clearance  of  38  ft.,  wliich  gives 
a  clearance  of  approximately  55  ft.  at  noniial  low 
water  or  a  roadway  height  of  60  ft.  above  normal  low 
water.  This  reduction  in  lieiglit  of  12  ft.  has  uiidoubt 
edly  decreased  the  necessary  length  of  the  approaches 
several  hundred  feet  and  for  tliis  and  otlier  obvious 
reasons  the  cost  has  al.so  been  greatly  reduced. 

The  design  specifications  of  the  State  Highway  Com- 
mission submitted  and  approved  by  tlie  Bureau  of 
Public  Beads  required  that  the  structure  should  be 
designed  for  a  uniform  live  load  of  not  less  than  6U 
lb.  per  square  foot  for  spans  over  200  ft.  in  length 
and  a  concentrated  live  load  of  four  typical  trucks 
each  weighing  25  tons.  Seventeen  tons  of  these  loads 
were  assumed  to  be  on  the  rear  axle  and  eight  tons 
on  the  front  axle.  The  axles  were  assumed  to  be  10 
ft.  apart.  The  width  of  the  wheels  were  assumed  to  be 
6  ft.  between  center  and  the  space  occupied  by  each 
truck  wa.s  assumed  to  be  20  ft.  long  liy  9  ft.  wide. 

Provision  was  also  made  for  an  additional  impact 
load  of  30%  of  the  live  loads  in  the  calculation  of  floor 
members  and  all  tru-ss  members  taking  direct  floor 
loads.  An  impact  load  of  20'/  on  the  live  load  was 
calculated  for  all  other  members.  Besides  these,  of 
course,  the  usual  provision  was  made  for  wind  pres 
sures  and  dead  loads. 

Later,  an  additional  requirement  was  made  tliat 
provision  should  be  made  for  a  railway  or  inteiurban 
track  acroSM  the  structure  and  that  the  design  shouM 
provide  for  two  ."iO-ton  street  cars. 


The  plan  adopted  consisted  of  tliree  through  truss 
spans  47(5  ft.  between  center  of  shoos.  Tiie  trusses 
ai-o  of  a  type  known  as  the  Warren-Turner  type.  These 
spans  are  supported  by  two  main  river  pieis  and  two 
main  shore  pi(>rs  located  481  ft.  center  to  center  con- 
structed of  reinforced  concr>te. 

The  shore  piers  consist  of  two  cylinders  with  bases 
20  ft.  in  diameter  and  10  ft.  in  height.  From  this  point 
to  slightly  above  low  water  level  the  piers  are  con- 
tinued as  cylindei-s  14  ft.  in  diamet.r.  Above  this 
point  they  are  reduced  to  cylindei's  9  ft.  in  diameter, 
these  being  connected  at  their  base  by  a  girder  9  ft.  in 
thickness  and  12  ft.  in  lieiglit,  and  also  connected 
near  their  tops  by  an  arched  web.  Tl-e  base  of  the 
eastern  shore  pier  is  located  about  413  ft.  l)elow  normal 
low  water  and  about  103  ft.  below  the  loadway.  Tin 
base  of  the  western  shore  pier  is  located  about  75  ft. 
below  normal  low  water  and  135  ft.  below  the  road- 
way. The  main  river  piers  liave  rectangular  bases 
23x60  ft.  and  14  ft.  6  in.  in  lieight.  Al)()vc  tliis  point 
to  about  6  ft.  above  low  water  the  pier  is  somewliat 
the  shape  of  a  flatiron,  the  g  noral  dimensions  beini; 
16  ft.  in  width  by  60  ft.  in  lengtli.  Al)ove  this  point 
the  thickness  of  the  structure  is  reduced  to  12  ft.  The 
point  or  up-stream  edge  is  gradually  battered  or  sloped 
to  provide  an  ice  cutter  or  brraker.  This  section  of 
the  pier  is  18  ft.  in  height.  From  this  point  the  struc- 
ture is  continiied  as  two  cylinders  10  ft.  in  diameter, 
which  in  turn  are  connected  at  the  tops  by  an  arched 
web. 

Tlie  base  of  the  eastern  river  pier  is  about  41  ft.  be- 
low normal  water  level  and  101  ft.  below  the  roadway. 
The  base  of  the  western  river  pier  is  approximately 
74  ft.  below  low  water  level  and  134  ft.  below  the 
roadway. 

The  piers  were  designed  to  be  sunk  by  the  open 
dredging  method.  This  method  contemplated  that  the 
excavation  would  be  done  by  means  of  a  clam  shell 
or  orange  peel  bucket  operated  through  shafts  left  i'l 
the  piers.  A  structural  steel  frame  caisson  was  pro- 
vided for  each  of  the  main  river  piers  14  ft.  6  in.  in 
height,  the  bottom  portion  of  wliicli  was  designed  to 
provide  a  cutting  edge  along  the  lower  perimeter  of 
the  base.  These  caissons  were  constructed  so  that  a 
working  chamber  was  provided  by  sloping  the  inner 
wall  of  the  caisson  inward  and  upward  from  the  cut- 
ting edge,  where  in  the  ease  of  the  large  piers  it  ter- 
miniated  in  three  openings  or  shafts  9  ft.  4  in.  by  8 
ft.  These  cais.son  frames  were  erectrd  over  tlie  point 
where  they  were  to  be  sunk  and  logged  with  2-in.  luni 
ber  to  provide  forms  for  the  concT*ete.  In  one  case  it 
was  erected  on  the  ice  and  sunk  to  ])lace  by  a  rather 
novel  method,  the  details  of  which  would  probabh- 
make  this  paper  entirely  too  long.  As  soon  as  thesi' 
caissons  were  filled  with  concrete  they  were  sunk  so 
that  the  upper  portions  were  slightly  above  watci'  level, 
another  section  of  concrete  then  beiiif,'  added  while 
another  pier  was  being  sunk  by  dredging  tlirough  tln' 
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opeuings.  The  original  design  anticipated  that  these 
piers  would  be  sunk  and  sealed  in  the  wet — that  is, 
providing  the  pier  did  not  seal  itself  by  cutting  oft'  the 
flow  of  water.  Divers  would  be  sent  down  to  level  oft' 
the  bottom  when  the  pier  had  reached  the  proper  depth. 
A  concrete  seal  would  then  be  placed  by  means  of  a 
tremie.  As  soon  as  this  seal  had  sufficiently  hardened 
it  was  intended  that  the  water  would  be  pumped  out 
and  the  balance  of  the  center  core  placed  in  tlie  dr^-. 
The  Bureau  of  Public  lioads,  however,  would  not  ap- 
prove this  method  and  insisted  that  the  piers  should 
be  seated  and  sealed  in  the  dry.  It  was  therefore 
necessary  to  place  additional  reinforcing  in  the  shells 
of  the  piers  to  provide  for  air  pressure  where  the 
water  could  not  be  kept  out  by  other  methods.  No 
trouble  was  encountered  in  the  two  easterly  piers  as 
stiff'  clay  was  encountered  in  the  first  case  at  a  depth 
of  about  26  ft.  and  the  cutting  edges  readily  sunk  into 
this  and  cut  off  the  water  so  that  the  caissons  were 
pumped  dry  and  the  excavation  carried  on  by  hand. 
The  material  was  very  tough  and  rubbery  and  the 
only  implement  that  handled  it  successfully  was  the 
ordinary  mattock.  The  easterly  shore  pier  was  sunk 
into  this  clay  approximately  16  ft.  The  easterly  river 
pier  was  sunk  into  the  clay  about  10  ft.  When  the 
clay  stratum  was  reached  with  the  westerly  river  pier 
considerable  difficulty  was  encountered  in  cutting  off 
the  flow  of  water.  This  was  made  more  difficult  owing 
to  the  fact  that  the  base  of  this  pier  was  undermined 
,  by  a  sudden  change  of  the  river  channel  before  it 
Ihad  been  sunk  deeper  than  8  or  10  ft.  This  caused 
Fthe  base  to  crack  and  warp  somewhat.  This  weaken- 
[ing  of  the  base  was  remedied  by  casting  on  an  addi- 
[tional  three  feet  or  in  other  words  making  the  base 
approximately  18  ft.  high  instead  of  14  ft.  6  in.  and 
Iby  adding  considerable  reinforcing  steel.  This  crack 
{in  the  concrete  allowed  a  continuous  flow  of  water 
to  enter  when  an  attempt  was  first  made  to  pump  out 
^the  pier.  Further  complications  were  caused  by  the 
occurrence  of  a  thin  bed  of  coal  occurring  under  one 
side  or  end  of  the  pier.  After  several  weeks  of  very 
slow  progress  in  which  considerable  blasting  was  re- 
sorted to  the  cutting  edge  finally  entered  the  hard 
stratum  of  clay  sufficiently  to  cut  off  the  flow  of  water 
and  the  pier  was  then  sunk  to  an  approximate  depth 
of  10  ft.  in  the  clay  and  sealed  in  the  dry. 

At  the  location  of  the  western  shore  pier  the  orig- 
inal boring  showed  that  clay  was  not  reached  until  an 
approximate  depth  of  90  ft.  below  low  water,  the  over- 
lying material  being  silt,  sand,  gravel  and  boulders. 
Tlie  pier  was  sunk  to  an  approximate  depth  of  75  ft. 
below  low  water.  At  this  point  numerous  boulders 
were  encountered  and  any  load  that  could  be  placed 
upon  tlie  cylinders  failed  to  drive  them  further.  A 
diver  was  then  sent  down  to  make  an  examination 
of  tlie  bottom  and  determine  more  fully  the  condition 
of  the  material.  It  was  decided  that  the  material 
at  this  point  was  satisfactory  for  a  seat  for  the  pier. 


An  interesting  condition  was  noticed  ni  tliat  the  water 
encountered  at  this  depth  had  more  pressure  behind 
it  than  that  occasioned  by  the  height  of  ttie  water  in 
the  river,  the  result  being  that  the  water  rose  approx- 
imately two  feet  higher  than  the  surface  of  the  river 
at  that  time. 

It  was  necessary  to  import  several  sand-hogs,  in  this 
case  southern  negroes  who  had  been  accustomed  to 
working  under  air  pressure.  The  air  locks  were  then 
placed  on  the  two  cylinders  and  a  pressure  applied 
sufficient  to  drive  out  the  water.  The  bottom  of  the 
excavation  was  then  leveled  up  by  the  sand-hogs,  a 
concrete  seal  placed  and  as  soon  as  same  was  set  suffi- 
ciently, air  pressure  was  removed  and  the  working 
chambers  and  shafts  filled  with  concrete  and  rubble 
in  the  same  manner  as  the  other  piers  were  filled. 

The  same  foundation  conditions  appear  to  exist 
under  the  entire  west  approach  as  were  encountered 
ill  sinking  the  shore  pier.  In  constructing  the  pedestal 
bases  for  this  approach,  Wakefield  sheet  piling  was 
driven  and  the  excavation  carried  down  by  means  of  a 
clam  shell  bucket.  When  the  proper  depth  wag  reached 
a  sufficient  number  of  piling  70  ft.  in  length  were  then 
driven  by  means  of  a  5,000  lb.  steam  hammer.  This 
piling  was  cut  off  just  above  the  ground  water  level 
and  the  concrete  pedestals  were  then  poured  so  that 
in  each  case  tbe  base  was  at  least  one  foot  below  ground 
water  level. 

The  main  bridge  is  reached  by  means  of  two  curved 
reinforced  concrete  approaches,  the  east  approach  be- 
ing 480  ft.  in  length  and  the  west  one  625  ft.,  mak- 
ing a  total  length  for  the  structure  of  2,548  ft.  or  92 
ft.  less  than  half  a  mile.  The  original  plans  for  these 
approaches  contemplated  the  use  of  the  Turner  Mush- 
room system  of  design,  which  is  a  flat  slab  type  and 
usually  can  be  constructed  at  a  less  cost  than  designs 
requiring  beam  or  girders.  While  there  is  quite  a 
large  number  of  this  type  of  design  in  use  in  bridges 
and  bridge  approaches,  the  stresses  developed  in  the 
various  parts  of  the  design  are  not  easily  demonstrated 
mathematically.  Dne  to  this  and  other  facts  the  Bu- 
reau of  Public  Roads  refused  to  approve  the  design 
and  insisted  that  a  beam  and  girder  type  design  should 
be  nsed. 

The  roadway  on  the  bridge  proper  is  26.5  ft.  be- 
tween curbs  and  on  the  approaches  28  ft.  in  width. 
Besides  this  roadway,  two  sidewalks  about  4  ft.  4  in. 
in  width  are  provided.  The  roadway  and  sidewalks 
on  the  steel  spans  wall  be  of  reinforced  concrete.  The 
roadway  on  the  entire  structure  will  be  surfaced  with 
1.75  in.  of  asphalt. 

During  the  early  months  of  1920  while  the  'design 
ot  the  approach  was  under  consideration,  the  highway 
commission  was  authorized  to  advertise  for  bids  on 
the  four  main  piers.  Arrangements  were  made  to  re- 
ceive bids  on  the  four  main  piers  on  March  18,  1920, 
advertisements  being  placed  in  two  of  the  largest  en- 
gineering journals  of  the  country.     Only  one  bid  was 
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ri'i'eivocl  at  tliat  time  and  that  was  on  a  cost-plus- 
slidiug-scale  proposition.  Tlie  highway  commission 
did  not  consider  that  one  bid  was  sufficient  to  warrant 
its  letting  a  contract.  Arrangements  were  again  madj 
to  receive  bids  on  May  15.  The  plans  for  the  ap- 
proaches having  been  approved  by  the  Bureau  of  Pub- 
lic Roads  in  the  meantime,  bids  were  received  on  the 
entire  structure,  the  proposals  providing  for  bids  by 
both  the  cost-plus-sliding-fee  and  lump  sum  methods 
on  the  four  main  piers  and  the  concrete  approaches. 
Invitations  were  sent  out  to  about  30  finiis  requesting 
them  to  submit  proposals  on  the  work.  About  a  dozen 
firms  responded  but  no  lump  sum  bids  were  received 
on  the  main  piers.  Several  cost-plus-sliding-fee  pro- 
posals, however,  were  submitted.  The  lowest  combina- 
tion of  bids  that  could  be  made  on  the  main  piers  and 
the  concrete  approaches  was  that  of  the  Foundation 
Company,  of  New  York. 

The  basic  cost  of  the  main  piers  estimated  by  the 
Foundation  Company  was  $256,319.  The  fee  on  this 
cost  or  basic  fee  was  $39,500,  the  minimum  fee  $30,900 
and  the  maximum  fee  $48,100.  The  basic  cost  on 
the  concrete  approaches  was  $280,119,  basic  fee  $47,000, 
minimum  fee  $35,600  and  maximum  fee  $56,400. 

An  explanation  of  this  bid  probably  is  necessary  at 
tliis  time,  if  the  cost  of  the  main  piers  had  been 
exactly  as  estimated  by  the  Foundation  Company  it 
would  have  been  $256,319  and  on  this  basis  tliey  would 
have  received  a  lee  of  $39,500.  The  cost  of  the  piers 
overran  this  amount  to  a  considerable  extent.  There- 
fore, the  Foundation  Company  participated  in  this  loss 
until  their  fee  had  been  reduced  to  $30,900,  or  the 
minimum  fee.  Had  the  cost  been  less  than  their  esti- 
mate they  would  have  received  half  of  the  saving  un- 
til the  maximum  fee  of  $48,100  had  been  reached. 
After  that  point  all  the  saving  would  have  gone  to 
the  state  and  counties.  Unfortunately,  in  tlie  case  of 
both  the  main  piers  and  concrete  approaches  the  co.st 
ha*  exceeded  the  basic  cost  to  such  an  extent  that  in 
each  case  the  Foundation  Company  will  receive  a  min- 
imum fee  or  in  other  words  they  have  lost  $20,000 
by  underestimating  the  work.  Unfortunately  the  fed- 
eral government,  state  and  counties  have  apparently 
lost  in  this  proposition  in  an  amount  considerably 
greater  than  $20,000. 

The  bid  of  the  American  Bridge  Company  for  fur- 
nishing and  erecting  the  steel  spans  was  $461,491. 
Based  on  these  figures  plus  10%  for  engineering  and 
contingencies,  the  expected  cost  of  the  structure  was 
placed  at  $1,192,000  in  round  numbers.  The  final 
cost,  unfortunately,  as  near  as  it  now  can  be  figured, 
will  probably  be  in  round  numbers  $1,325,000. 

It  will  be  noted  that  the  advance  in  freight  rates 
was  the  greatest  factor  in  the  increased  cost  of  the 
structure.  The  next  greatest  contributing  factor  to 
this  increased  cost  was  the  temporary  trestle.  This 
trestle  was  constructed  early  in  the  summer  of  1920, 


shortly  a.ter  work  began.  Late  in  November  the  ice 
went  out  carrying  the  trestle  with  it,  this  being  the 
only  fall  break-up  dui-ing  40  years,  according  to  au- 
tlientie  records  on  file  regarding  tlie  river.  This  trestle 
was  again  constructed  and  the  piling  portion  of  it 
was  again  carried  out  in  the  spring.  An  attempt  was 
made  to  transfer  materials  across  by  ferry  and  haul 
other  portions  from  Mandan.  This  was  found  to  be 
very  unsatisfactory  and  expensive,  so  the  trestle  was 
again  constructed  to  complete  the  west  approach  and 
the  upper  portions  of  the  piers. 

The  plant  layout  of  the  Foundation  Company  on 
this  project  was  a  matter  of  considerable  interest.  The 
power  plant  consisted  of  five  boilei's  averaging  about 
100  h.p.  each.  These  were  used  to  heat  the  buildings, 
gi-avel  piles,  furnish  power  for  air  compressors,  mix- 
ers, in  curing  concrete  during  cold  weather,  etc.  Three 
compressors  were  installed  in  anticipation  of  use  for 
sinking  piers  by  the  pneumatic  process.  P^rtunately 
this  was  not  necessary  except  for  a  few  days,  as  has 
heretofore  been  mentioned. 

Considerable  saving  was  made  by  using  air  dump 
cars  for  hauling  gravel  and  sand  from  the  pit  located 
12  mi.  south  of  Mandan.  These  were  dumped  into  a 
pit  by  air  pressure  at  the  plant.  The  material  was  re- 
moved from  this  pit  to  the  stock  piles  by  means  of  a 
clam  shell  bucket  operated  by  a  Guy  derrick  and  hoist- 
ing engine.  This  same  clam  shell  outfit  was  also  used 
for  transferring  materials  to  the  mixing  plant  which 
at  this  point  consisted  of  a  one-yard  mixer  located  so 
that  the  concrete  could  be  poured  directly  into  buckets 
carried  upon  ears.  The  concrete  was  distributed  from 
this  plant  by  means  of  two  gasoline  driven  Plymouth 
locomotives  on  a  36-in.  gauge  track.  At  each  point 
where  concrete  was  being  poured,  steam  operated  der- 
ricks were  used  to  handle  the  concrete  buckets  as  well 
as  forms.  An  emergency  plant  of  the  same  capacity 
was  located  on  the  west  side  of  the  river  but  was  used 
mainly  when  the  trestle  was  out  of  commission. 

Besides  the  power  house  and  mixing  plant,  large 
cement  storage  buildings,  blacksmith  shop,  carpenter 
shop,  bunk  houses,  commissary,  office,  etc.,  were  in  use. 
At  times,  when  it  was  necessary  to  carry  on  operations 
both  night  and  day,  as  high  as  250  men  were  employed. 

Work  was  begun  on  tlie  main  piers  during  July, 
1920,  and  the  concrete  approaches  were  completed  so 
far  as  was  possible  prior  to  the  completion  of  the  steel 
sttperstructure  during  September,  1921. 

The  American  Bridge  Comany  commenced  operations 
on  the  site  during  July,  1921  and  finished  the  riveting 
early  in  1922. 

As  soon  as  the  weather  became  sufficiently  warm 
the  Foundation  Company  began  to  lay  the  concrete 
slab  on  the  roadway  and  walks  of  the  main  spans  of 
the  bridge.  After  this  the  asphalt  surfacing  will  hi 
placed  and  the  sections  of  the  brick  hand  rail  that 
have  been  left  off  for  the  convenience  of  the  American 
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Bridge  Company  will  be  completed.  It  is  therefore 
probable  that  all  the  work  will  be  completed  by  July 
1  of  this  year. 

Considering  the  difficulties  and  magnitude  of  the 
project  it  can  be  considered  that  the  rate  of  progress 
and  quality  of  workmanship  have  been  very  satisfac- 
tory. 

Early  tliis  year  we  received  the  astonishing  infor- 
mation from  a  representative  of  the  Bureau  of  Public 
Roads  at  Washingotn,  D.  C,  that  we  had.  overlooked 
about  3.5  mi.  of  this  structure  and  that  provisions  would 
have  to  be  made  to  complete  this,  which  is  the  west 
approach  lying  between  the  bridge  proper  and  Man- 
dan,  and  that  no  more  federal  aid  payments  would  bo 
forthcoming  until  this  was  done.  Some  have  contended 
that  a  concrete  causeway  should  have  been  provided 
over  this  entire  distance.  However,  an  investigation 
on  the  part  of  anyone  would  soon  show  that  such  a 
structure  is  far  beyond  the  financial  ability  of  the 
Counties  of  Burleigh  and  Morton  and  the  State  of 
North  Dakota  at  this  time,  as  it  is  believed  that  such 


a  structure  would  cost  at  least  a  million  dollars  per 
mile.  The  type  of  construction  suggested  by  the  Bu- 
reau of  Public  Roads  is  an  embankment  across  this  low 
ground  averaging  in  height  probably  6  or  7  ft.  on  the 
first  2,200  ft.  after  leaving  the  concrete  structure.  From 
this  point  to  Mandan  the  ground  is  considerably  high- 
er and  would  probably  require  a  grade  varying  in 
height  from  present  level  to  3  or  4  ft.  at  the  lowest 
points.  The  further  condition  was  made  that  this  ap- 
proach must  be  paved  with  concrete  not  less  than  8 
in.  in  thickness.  Since  this  ultimatum  the  highway 
commission  has  been  busy,  assisted  by  the  attorney 
general,  endeavoring  to  locate  some  provision  in  the 
laws  of  the  state  which  will  permit  them  to  comply 
with  this  requirement.  It  is  estimated  that  this  type 
of  construction  would  probably  cost  from  $175,000  .to 
$200,000,  but  it  is  regretted  that  to  date  neither  the 
highway  commission  nor  the  attorney  general  has  been 
able  to  locate  an  Aladdin's  lantern  that  can  be  used 
to  conjure  up  the  treasure  chest  necessary  for  this 
type  of  construction. 


Types  of  Traffic  on  Connecticut  Highways 

Dig^est  of  the  Report  of  the  Bureau  of  Public  Roads  on  Traffic  Censuses  Conduct- 
ed in  Connecticut  in  Cooperation  With  the  State  Highway  Commission 


Dming  August  and  October,  1921,  the  Connecticut 
State  Highway  Department  in  cooperation  with  the 
Bureau  of  Public  Roads  conducted  traffic  censuses  on 
two  of  the  principal  highways  of  Connecticut.  The 
purposes  of  the  censuses  were  to  determine  the  econ- 
omic value  of  the  highway ;  the  classification  of  vehicu- 
»lar  traffic;  the  gross  weight  and  wheel  loads  of  motor 
trucks  and  the  extent  of  overloading;  a  basis  for  the 
distribution  of  construction  and  maintenance  costs; 
density  of  traffic ;  width  of  vehicles  and  the  relation 
of  density  and  width  of  vehicles  to  roadway  width  ;  the 
movement  of  freight  by  highway ;  the  speed  of  vehicles 
and  to  serve  as  a  basis  for  a  formulation  of  traffic 
regulations. 

Time  and  Scope  of  the  Censuses 

The  first  census  was  taken  during  the  last  two  weeks 
of  August  on  the  Hartford-lSpringfield  road  at  the 
Massachu.setts-Connecticut  state  line.  The  second  cen- 
sus took  place  during  October  on  the  Boston  Post  Road 
at  the  town  of  Greenwich,  Connecticut.  Each  of  the 
censuses  covered  a  period  of  14  days.  The  daily  sur- 
vey covei'ed  ten  hours,  rotated  so  as  to  determine  the 
traffic  movement  at  the  earlier  and  later  periods  of  the 
day.  Two  night  counts  were  conducted  to  form  the 
basis  for  an  estimate  of  night  traffic.  Road  scales  were 
installed  on  both  roads  to  weigh  the  traffic  as  it  passed 
over  the  road.  At  the  Greenwich  station  a  49,000-lb. 
automatic  Fairbanks  scale  was  used  in  order  to  delay 
the  traffic  as  little  as  possible. 


Duing  the  first  census  traffic  bound  southj  from 
Springfield,  Mass.,  to  Hartford,  Conn.,  was  weighed 
whether  empty  or  loaded.  Northbound  trucks  were 
stopped  but  only  commodity  information  was  obtained. 
The  density  of  traffic  was  such  that  it  was  impossible 
to  weigh  trucks  going  in  both  directions.  In  the  sec- 
ond census  the  eastbound  traffic  from  New  York  was 
weighed  and  westbound  trucks  were  stopped  only  for 
commodity  information.  The  personnel  of  the  survey 
included  eight  men  to  handle  both  truck  and  passenger 
car  traffic.  During  the  second  census  older  men  were 
employed  and  the  results,  especially  the  truck  infor- 
mation, were  more  accurately  recorded.  Traffic  was 
only  slightly  delayed  by  the  observers  and  drivers 
cooperated  willingly  when  they  understood  the  pur- 
pose for  which  the  information  was  asked. 

During  the  first  census,  the  information,  including 
the  weight  of  the  truck  was  obtained  in  an  average  of 
1  min.,  41  sec,  the  longest  time  being  2  min.,  55  see., 
and  the  shortest  1  niin.  At  different  times  during 
the  census  speed  tests  were  made  and  one  of  the  re- 
sults of  the  survey  is  the  indication  that  a  more  ac- 
curate index  of  truck  speed  can  be  obtained  at  a  place 
a  few  miles  from  the  traffic  station  where  drivers  will 
not  suspect  that  the  test  is  being  made. 

The  cost  of  the  first  census  was  $1,693,  of  which 
$977  was  for  the  scale,  $170  for  the  cost  of  erecting  it 
and  the  balance  for  salaries  of  the  observers.  The  cost 
of  the  second  census  was  $3,331,  of  whic'n  $2,700  was 
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for  the  scale  and  the  balance  for  salaries  of  observers, 
etc. 

Passenger  Traffic  Analyses 

28,011  passenger  cars  were  recorded  during  the  first 
census  and  for  14,036  of  the  cars  observed  the  records 
were  analyzed  to  determine  the  average  haul,  number 
of  passeugers,  etc.  In  the  second  census  38,566  pas- 
senger cars  were  recorded  and  the  records  of  5,023 
were  analyzed. 

The  number  of  motorcycles  and  horse-drawn  vehicles 
was  so  small  in  comparison  with  passenger  cars  and 
truck  traffic  that  their  numbers  are  not  reported. 

All  makes  of  cars  and  all  types  including  touring 
cars,  roadsters,  and  other  special  types  were  observed 
during  the  censoft. 

44,950  passengers  were  transported  in  the  observed 
care,  southbound  in  the  first  census.  An  average  of 
3.2  passengers  per  car.  During  the  first  censiis  of  the 
licenses  observed  50.5%  of  the  total  were  Massachu- 
setts tags;  34.9%  were  Connecticut;  7.2%  were  New 
York,  and  7.2%  were  miscellaneous. 

The  location  of  the  census  station  near  the  Massa- 
chusetts-Connecticut State  line  and  the  fact  that  this 
analysis  relates  to  southbound  traffic  accounts  for  the 
high  percentage  of  Massachusetts  care. 

In  the  second  census  the  average  number  of  pas- 
sengers per  ear  was  found  to  be  3.314.  The  analysis 
of  license  tags  shows  Connecticut  with  53.1%;  New 
York  37.4%;  Massachusetts  3.2%;  New  Jersey  3.2%. 
A  daily  average  of  6,739  passenger  cars  was  found  for 
the  two  censuses  while  the  daily  truck  average  was  792. 

The  principal  movement  occurred  between  seven 
o'clock  in  the  morning  and  eight  in  the  evening,  the 
peak  load  occurring  at  5  p.  m.  The  hourly  density  of 
truck  movement  from  8  p.  m.  to  5  a.  m.  indicates  the 
night  movement  of  regular  truck  lines.  During  this 
interval,  an  average  of  13  trucks  passed  over  the  roads 
per  hour. 

In  the  first  census  the  daily  average  of  passenger  car 
movement  for  24  hours  was  2,907.  The  average  mile- 
age per  car  was  70.018  at  3.2  passengers  per  car,  and 
figuring  the  value  of  the  passenger  service  rendered  at 
the  railroad  rate  of  3.6  ct.  per  mile  the  passenger  serv- 
ice on  the  Hartford-Springfield  road  during  the  two 
weeks  was  valued  at  $327,595. 

During  the  second  census  the  daily  average  of  pas- 
senger car  movement  for  24  hours  was  3832.4.  The 
average  mileage  was  52.4.  Computing  the  value  of 
the  service  as  above  the  value  for  the  two-week  inter- 
val was  $355,417.  On  the  two  roads  together  the  value 
of  the  service  rendered  for  a  year  would  be  $17,238,326. 
This  figure  is  merely  the  value  of  the  service  rendered 
by  these  two  roads  estimating  the  value  at  railroad 
rates.  It  is  not  the  cost  of  the  service  rendered  by 
the  roads. 

Track  Overloading 

The  truck  weight  data  from  both  censuses  was  ana- 
lyted  to  determine  the  wheel  and  axle  loads  and  to 


ascertain  what  percentage  of  the  vehicles  weighed 
in  excess  of  the  legal  limitation  of  25,000  lb.,  and 
what  x>art  of  the  traffic  consisted  of  vehicles  with  wheel 
loads  greater  than  800  lb.  per  inch  of  tire  width,  and 
what  proportion  of  the  vehicles  were  overloaded  when 
gauged  by  the  capacity  rating  of  the  manufacturers. 
The  latter  practice  is  referred  to  as  overloading  per 
capacity.  The  weight  standard  used  in  determining 
overloads  for  each  make  and  capacity  consists  of  a  sum- 
mation of  the  manufacturers'  1920  weights  for  the 
chassis,  body,  and  rated  capacity,  giving  the  total 
weight  when  loaded  to  rated  capacity.  The  percent- 
age distribution  of  weight  recommended  by  the  manu- 
facturers of  trucks  for  front  and  rear  axle  load  was 
used  as  a  standard  for  computing  overloads  on  the  front 
and  rear  axle.  To  be  conservative  $%  of  the  total 
chassis,  body  and  capacity  weight  was  added  to  the 
manufacturers'  given  weight  in  deriving  the  standar9 
for  computing  overloads.  One-half  of  this  5%  was 
added  to  the  front  and  rear  axle  weights  in  arriving 
at  a  standard  for  measuring  overloads  per  axle. 

Commodities  Overloaded 

The  practice  of  overloading  per  capacity  is  not  con- 
fined to  loads  of  heavy  material  such  as  sand,  gravel, 
brick,  etc. 

It  is  restricted  to  no  typical  group  of  commodities, 
but  is  almost  universal. 

Apples,  beer,  butter  and  eggs,  drugs,  fish,  furniture, 
groceries,  lumber,  meat  products,  paper,  rubber  goods, 
sugar,  vegetables,  wire  are  typical  commodities  of 
which  overloads  per  capacity  were  noted. 

Of  the  cases  of  overloading  per  capacity  observed, 
75%  was  practiced  by  regular  trucking  veliieles,  25% 
by  irregular  trucks. 

Commodity  loads  exceeding  25,000  lb.  were  noted 
in  the  case  of  such  commodities  as  brick,  butter,  drugs, 
eggs,  glass,  groceries,  litharge,  meat,  plumbing  supplies, 
sugar,  vegetables  and  vinegar. 

Of  the  number  of  loads  exceeding  25,000  lb.  87.8% 
were  overloads  per  capacity;  88.7%  were  by  regular 
trucking  companies.  Thirty-nine  out  of  41  cases  were 
loaded  from  846  to  1,560  lb.  per  inch  of  tire  width  on 
the  rear  axle. 

Composition  of  Truck  Traffic 

Only  4.2%  of  trucks  observed  were  over  5-ton  ca- 
pacity. The  percentages  of  other  capacities  noted 
were  as  follows: 
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Width  of  Truck  Body 

The  leeist  width  of  truck  body  observed  in  the  two 
eensuses  was  5  ft. ;  the  greatest  width  in  either  census 
was  9  ft.,  6  in.  Only  6%  of  all  trucks  observed  in 
the  first  census  and  5%  in  the  second  census  were 
equipped  with  bodies  exceedin«  7  ft.,  6  in.  in  width. 

Classification  of  Truck  Weight  by  Type  of  Tire 

Pneumatic  tires  were  observed  in  use  principally  on 
the  lighter  trucks;  solid  tires  on  the  heavier  trucks 
and  a  combination  of  pneumatic  and  solid  on  the  rear 
and  front  wheels  respectively  principally  in  the  weight 
classification  from  3,000  to  14,000  gross  weignt  in 
pounds.  The  use  of  pneumatic  tires  increases  rapidly 
from  2,000  to  5,000  lb.  and  then  decreases  rapidly  to 
10,000  lb.  The  number  in  excess  of  10,000  lb.  is  negli- 
gible. The  greatest  percentage  of  trucks  equipped 
with  pneumatics  occurs  in  the  4,000  to  5,000  lb.  class. 
Solid  tires  begin  to  increase  rapidly  at  5,000  lb. 

Classification  by  Weight  of  Trucks 
The  density  of  movement  was  found  to  be  between 
the  4,000  and  14,000  lb.  classes,  1,378  out  of  2,183  ob- 
served trucks  falling  in  these  classes.  Only  51  out 
of  2,183  or  2.3%  exceeded  25,000  lb.  Only  7  out  of 
2,183  weighed  more  than  28,000  lb. 

Truck  Weights  Per  Inch  of  Tire  Width 

In  the  first  census  29  of  226  trucks,  12.8%,  were 
found  to  have  front  axle  loads  in  excess  of  800  lb.  per 
inch  of  tire  width. 

138  out  of  359,  38.44%,  were  found  to  have  rear  axle 
loads  in  excess  of  800  lb.  per  inch  of  tire. 

167  of  585  or  28.55%,  were  loaded  to  more  than  800 
lb.  per  inch  of  tire  width  on  both  axles. 

Overloads  on  the  front  axle  range  from  800  to  1,100 
lb.  per  inch,  density  occurring  at  900  lb. 

Overloads  on  the  rear  axle  range  from  800  to  1,650 
lb.  per  inch,  density  occurring  at  1,100  lb. 

In  the  second  census  the  per  cent,  and  range  of 
overloads  were  as  follows: 

Front     axle     11.9%     800-1500  lb.,  density       950  lb. 

Rear    axle       36.5%      800-1925  lb.,  density     1100  lb. 

Both     axles     24.6% 

In  both  censuses  the  number  of  overloads  increases 
as  tire  thickness  increases  to  1.5  in.  and  decreases  above 
that  thickness. 

Truck  Overloading  Per  Capacity 

The  weighted  average  overload  per  capacity  (com- 
puted on  basis  of  standard  already  defined)  is  39%. 
This  is  construed  to  mean  that  every  third  truck  was 
loaded  beyond  the  capacity  of  the  truck  and  tires.  A 
total  of  37.5%  were  overloaded  on  the  rear  axle,  and 
40%  were  overloaded  on  the  front  axle. 

RecommendationB  Based  on  Overloading  Analysis 

1.  Classification  of  highways. 

2.  Seasonal  restriction  of  loads. 

3.  Prohibition  of  overloads  per  capacity,  and  re- 
striction of  tire  to  800  lb.  per  inch  width. 

4.  Maximum  body  width  of  7  ft.,  6  in. 


5.  Maximum  axle  loads  to  be  determined  for  each 
make  and  class  of  trucks  and  placed  in  conspicuous 
place  on  the  vehicle. 

Commodity  Analysis 

The  20  commodities  noted  in  greatest  bulk  in  the  sec- 
ond census  with  the  weight  and  average  haul  of  each 
are  as  follows : 


Commodity 


Weight 
in  Pounds 

Groceries    1,039,469 

Furniture     553,545 

Beer     421.665 

Sugar      404,640 

Household    g<v>ds     ....  375,495 

Meat    products     334,410 

Rubber  goods    279,020 

Vegetables     176,893 

Poultry     159,760 

Cocoa   beans    158,518 

Merchandise     153,831 

Wire     145,550 

Grapes      141,220 

Bananas     133,627 

Dry  goods    133,360 

Feed     131,140 

Silks     125,305 

Lumber    119,805 

Machinery    115,875 

Litharge     114,370 

The  longest  average  hauls  reported  were  those  of 

boats  and  yeast,  each  of  which  was  hauled  an  average 

distance  of  150  mi.     The  volume  of  these  commodities 

hauled  were :  Boats,  840  lb. ;  yeast,  10,445  lb. 


Average  haul 
in  Miles 
44.15 
71.47 
72.92 
47.26 
99.81 
42.7S 
82.96 
37.68 
32.67 
33.12 
42.88 
66.50 
48.56 
47.13 
43.79 
27.10 
110.22 
35.51 
89.10 
106.26 


3i    6    6i 


Ij     li     Z     EJ    3    3i4    4i 
Ca^icity  in  Ton* 

COMPOSITION   OF   TRUCK   TRAFFIC 


The  shortest  haul  reported  was  that  of  charcoal,  2,150 
lb.  of  which  were  hauled  an  average  distance  of  3.50 
mi.  The  next  shortest  haul  was  milk,  4,725  lb.,  of 
which  were  hauled  an  average  of  5.80  mi. 

Agricultural  products  make  up  only  14.3%  of  the 
traffic  in  the  second  census;  manufactures  and  miscel- 
laneous 72.5%,  indicating,  according  to  the  report,  that 
truck  movement  in  Connecticut  is  predominantly  that 
of  manufactured  goods  of  high  value  and  small  bulk. 

Because  the  survey  was  limited  to  one  season  all 
agricultural  products  are  not  represented  in  the  list 
of  commodities. 

The  average  haul  of  agricultural  commodities  is  39.5 
mi. ;  the  longest,  eggs,  is  68.21  mi. 

Extending  observed  weights  and  hauls  during  the 
period  of  the  second  census  it  is  estimated  that  the 
annual  ton-mileage  of  agricultural  commodities  is 
86,649. 
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Estimated  value  of  agricultural  products  hauled  both 
ways  over  Boston  Post  Road  at  Greenwich,  based  on 
observations  of  the  second  census  $15,075,000. 
Comparison  of  Truck  and  Railroad  Traffic 

Comparing  the  truck  traffic  observed  in  the  second 
census  with  traffic  over  the  New  York,  New  Haven 
and  Hartford  and  Boston  and  Maine  Railroads,  the 

results  are  as  follows : 

By  By  By 

Truck  N.Y.,NJI.&  H.   Bos.&  Me. 
(1918)         (1920) 
Products   of   Agriculture   14.3  9.i  11.8 

Piyiduots  of  Animals    ...11.2  3.3  3.2 

Products    of    Mines     ...    0.5  .42.5  36.8 

Products  of  Forests   ....    1.5  6.5  13.2 

Mfrs.    &    Misc 72.5  38.3  3.50 

Total  observed  eastbound  truck  traffic,  second  census, 
239,562  ton-miles. 

Adjusted  to  give  24-hour  traffic  for  the  2-week  peri- 
od,  360,000   ton-miles,   eastbound. 
Seventy-one  per  cent  of  eastbound  traffic  loaded; 
tbirty-six  per  cent  of  westbound  traffic  loaded. 

Estimated  traffic  both  ways  for  2-week  period,  540,- 
000  ton-miles. 

Assuming  this  traffic  to  be  average  for  the  year  the 
annual  east  and  west  movement  at  Greenwich  is  esti- 
mated at  14,040,000  ton-miles  of  pay  freight. 

The  average  haul  of  truck  movements  was  47.44  mi. 


TO  BUILD  MONTANA  FOREST  ROADS 

At  a  recont  meeting  of  the  Montana  .State  Highway 
Commission  with  representatives  of  the  Forest  Service 
and  of  the  Bureau  of  Public  Roads,  the  projects  were 
definitely  selected  on  which  the  Montana  forest  roads 
allotment  of  the  Federal  Highway  Act  of  1921  should 
be  spent,  Montana's  share  of  the  appropriation  of 
that  year  for  the  construction  and  maintenance  of  for- 
est roads  and  rails  amounted  to  $887,000.  The  pro- 
gram, as  it  stands  at  present,  calls  for  the  expenditure 
of  $700,000  on  nine  projects.  The  number  of  miles 
that  this  sum  will  construct  is  as  yet  unknown  as  a 
survey  to  determine  the  quantities  has  not  been  made 
and  it  is  impossible  to  estimate  the  mileage  that  the 
money  available  will  build  without  any  idea  of  the 
quantities.  The  construction  of  these  roads  will  open 
to  tourist  and  local  traffic  many  inaccessible  parts  of 
the  state  in  which  local  funds  have  not  been  available 
for  road  improvement. 


Citizens  of  SuUivan  County,  Indiana,  have  started  a 
movement  which  is  known  as  the  "Donate-a-Day" 
road  improvement  plan.  Throughout  the  country  men 
are  devoting  one  day  to  improving  the  roads  in  their 
immediate  vicinities. 


U.S.DEMkRTMCNT  OF  A6RICULTURE 

BURE/kU  OF  PUBLIC  ROADS 

FEDERAL  AID  STATUS 

FINANCIAL  STATEMENT 

•    U  ir  UlRCH  31,  ItTt. 

STATES 

FCKRAL  AlO 
APPORTIOMED 
r.Y.UI7TOI«l 

FFKRAl  An  UNDtR 
CONSTRUCTION  e 

AVAIUBlt  FOR 
NEW  CONSreUCTION 

FEDERAL  AID 
COMPLETtD  f 

MCOIVtETEDFEKRAL 

AID  ON  PROJECTS 

UNKR  CONSTRUCTION 

AMOUNTS 
FEDERAL  AID 
PAID  STATES 

BALANCE 

FEDERAL  AID 

EARNED 

STATES 

ALABAMA 
ARIZONA 
ARKANSAS 

5.S74.072 

t      3,]j],3n 

3,2a3,«5T  • 
4.315.0TT 

1         9,314,412 
1,541,114 
1.998.339 

r         2,285,366 
2,384,231 

1           1,061,335 
291,226 
419.491 

t          1,830,295 
2,420.583 
2.867,992 

•               455,011 
565,646 

16T,594 

ALABAMA 
AKIZONA 
ARKANSAS 

CONNCCTICUT 

ia»*t,45S 

».  121,140 
2.170,    12 

«,M4,60T 
S,«l»,80» 
1.143. IM 

3,3ei,S4< 
2,911,431 
1.0M.114 

5,U4,315 

2,314,901 

848,145 

694,902 
213,361 

2,451,641 
479,261 

463,264 

389^418 

CALlFORmA 

COLORADO 

COMHECTICUT 

Kr 

m^ 

T.2»3.34«  . 

345,425 
1,154,5«1 
2,iK.k8« 

i,l«;J« 
t.nt.tH 

1,696.0(4 

581.895 

6,288.386 

441:115  . 

423,041 

DELAWARC 
FLORIDA 
etORfIA 

IDAHO 
lUINOlS 
INDIANA 

•|ll"'l! 

i.ae.m 

11,131,510  • 
3.134.214  • 

1,019.381 
3,5S«,a3t 

5.441.814 

1,210,411 

11,104,244 

2.392.141 

29.244 
193.513 

10,396,565 
2,292,897 

1,309,661 
639,864 

IDAHO 
ILLINOIS 
INDIANA 

IOWA 

KANSAS 

KIMTUCKY 

*,»«7.S9I 
»;7l7.24J 

1,312,473  • 
6,433,811  e 
4.451. 234  • 

2,523,111 
3,343,120 
2,323,941 

4,121.416 
5,295,641 
3. 841.100 

1,338,230 
1,195,596 

5,491,148 
4,300,483 
2,584,518 

995.158 

617,184 

IOWA 

KANSAS 

KENTUCKY 

lOUISlAMA 

marylAno 

4.73S.S14 
S,MI,I24 
1.011,>7» 

3,<34,095  • 
2,409,141  • 
3.344.033  . 

1,105,451 
131,311 
685.333 

1, 414,030 
1,341,143 
2.293.899 

648,604 
52,640 

1,512,228 
2,293,169 

388,917 
73,230 

LOUISIANA 

MAINE 
MARYLAND 

HINNIS^A 

im 

2,111,812 

>,U3,iai 

•.443.431 

2,436,843 
4,151,1CT 
1.489.285 

2,535.413 
4,818,190 
1,151,112 

1,040,911 
1,298,583 

4,426,625 

6,728,157 

391,565 
422.955 

MASSAOWSCTTS 

M10HI6AH 
MINNESOTA 

MISSISSlRfl 

nissoimi 

nONTAHA 

■isiifi 

4,144,029 
S,043,nt  • 
3,«3«,14» 

2,080,434 
6,128,310 
1,101,554 

3,124,011 
3,580,421 
1.645.155 

1,042,008 

1,462,873 

232.793 

2,408.689 
2.331,312 
3.234.306 

ns.sM 

649.109 

411,047 

MISSISSIPPI 
MISSOURI 
M0N7ANA 

HUlNWlrSMIM 

i,'»08'.7i4 

4,401, 2« 
1,440,313 

2,846,143 

3,020,401 
416.190 

4.432.585 
1.291,841 
1.029  174 

168,617 
168,411 
43.148 

3,228,863 
1,154,113 
1.011.832 

1,203,122 

137,728 

NEBRASKA 

NEVADA 

NEW  HAMPSHIRE 

a?.® 

17  >»S,I50 

l,T4e,a«  • 

i.no.tu  » 

4.303.422  . 

2,441,331 

2,849,302 

1P.1T9.«» 

1,405,151 
2,2».925 
J.H1.U0 

1M,488 

482.191 

3,348,312 

1.326,565 
1,870,509 

273,184 
357,016 
541.012 

NEW  JERSEY 

NEW  MEXICO 

NEW  YORK 

NMnCAaouNA 

-.mjJJNOTA 

7  1I0.02S 
%.  |«7.2I>2 

il.0J4,>s 

4,U3,3n  • 
3,31<,»T 

1,840,014 

>,ooe,9i9 

4.382.401 

5,187,430 
2,954,280 

1.154.680 

332.321 
424.007 

286,871 

4,925,962 
2,364,400 

6.973,175 

589.880 

783.505 

NORTH  CAROUN* 
OHIO 

Im 

9,534, to* 
4,»4,4tT  • 
It.Ut^M  . 

2,554, 3«3 

1,218,205 
1,599,100 

3,248,906 
4,291,409 
12.311.511 

5.028 
120,981 

J, 198, MO 
4,122,099 

10,377,551 

149.554 
1.933,966 

OKLAHOMA 

0RE60N 

PENNSYLVANIA 

(ownciSeuM 

«0«TMIMt«TA 

^n 

tt433,433 
3.(14. Ml 

1,  908 ,402 

1.180.102 

2,121,315 
3.029.030 

*i,1k 

712.078 
841.811 

2,453,518 
2,191.850 

278,891 
831,160 

RHOOf  ISLAND 
S0V7H  GAROUMA 
SOUTH  DAKOTA 

TtNMCStU 

7,I7S,IM 

3.34  5,322 

13,101,134   • 
1.317.211 

1,909,308 
1,818,441 
1.989.411 

3.312.182 
9.852.021 
1.411i«33 

2,453.140 

2.855.109 

845.220 

5.MJ.SJ4 
8,153,183 
1.095,444 

1,098,844 
516,947 

TENNESSEE 
TEXAS 

UTAH 

VtRMONT 

VIRtlNIA 

WASMINCTOII 

Jl 

112,251  (4 
4,133,120 
4.214.003 

835,4f8 

2.779,433 

607,063 
3,141,114 
4.100.115 

105.188 
•71,344 

3,025,602 

136,172 

257,761 

VERMONT 

VIR6IH1A 

WASH1N6T0N 

NUT  VMM  lA 

,»13,  17* 

3, 055,433 

5,413,531  • 

'643,119 
1,285,549 

2,547,233 
5,206,551 

508,494 

406,919 
111  mA 

2,280,123 
4,889,266 

266,910 
317,291 

111.R14 

WEST  VIRSMIA 
WISCONSIN 
WYOMIN« 

TOTALS     1    S39,r75,000 

1     214,832,423 

1  122,382,811 

1  181,572,489 

t       35,320.144 

t       154,282,021 

♦         21,290,464 

TOTALS 
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SEGREGATION  OF  MOTOR  TRUCKS 

Indicative  of  the  growing  importance  of  the  motor 
truck  in  the  transportation  system  of  this  country  is 
the  decision  of  the  Connecticut  State  Highway  Depart- 
ment to  construct  a  30-nii.  higliway  for  the  exclusive 
use  of  motor  trucks.  This  plan  will  be  submitted  to 
the  Legislature  next  year  for  approval. 

So  great  has  become  the  volume  of  passenger  and 
truck  motor  traffic  between  the  large  urban  centers 
of  the  East  that  serious  congestion  has  resulted,  and 
it  is  probable  that  the  construction  of  roads  for  the 
segregation  of  motor  traffic  will  receive  much  atten- 
tion during  the  nex  few  years..  Not  only  will  the 
construction  of  this  motor  truck  road  in  Connecticut 
relieve  traffic  congestion  on  the  Boston  Post  Road  be- 
tween Greenwich  and  Bridgeport,  but  it  will  afford  an 
excellent  opportunity  to  study  the  effect  of  intense 
motor  truck  traffic  upon  road  surfaces. 


HIGHWAY  LEGISLATION  IN  CONGRESS 

The  Dunn  l)ill.  which  appropriates  $65,000,000  for 
federal  aid  during  the  next  fi.scal  year  and  $75,000,000 
for  the  year  ending  June  30,  1924,  was  passed  by  the 
House  on  May  1  by  a  vote  of  239  to  31.  The  chief 
ob.jection  to  the  bill  was  made  by  Representative  Begg 
of  Ohio  who  declared  it  to  be  "a  raid  on  the  Treasury." 
He  made  this  .statement  in  spite  of  the  fact  that  he  had 
voted  for  the  soldiers'  bonus. 

The  bill  now  goes  to  the  Senate  and,  if  passed,  to 
conference.       The  Senate  Committee  on   Post   Offices 


and  Post  Roads  attached  a  rider  to  the  post  office  ap- 
ni'opriation  bill  allotting  $190,000,000  additional  fed- 
eral aid  and  $15,000,000  for  forest  roads.  The  House 
Committee  on  Roads  were  not  inclined  to  accept  this 
rider,  which  was  not  included  in  the  bill  as  it  passe.l 
the  House,  necessitating  a  conference  on  that  feature, 
but  are  demanding  consideration  of  the  Dunn  bill 
which  was  introduced  in  the  House  by  Chairman  DuUn 
of  the  committee.  The  rider  merely  appropriates  money 
to  be  spent  under  the  provisions  of  the  original  federal 
aid  act  but  the  Dunn  bill  amends  the  federal  aid  law 
and  makes  several  changes  in  the  present  procedure. 
A  synopsis  of  tlies  changes  was  printed  in  these  col- 
umns in  this  issue  of  April  19. 

The  Arizona  Highway  Department  believes  that  the 
provisions  of  the  Dunn  bill  will  work  hardship  in  Ari- 
zona and  other  public  land  states  in  the  west  and  the 
Nevada  Highway  Department  emphatically  states  that 
it  should  not  pass.  The  main  objection  is  to  the  clause 
which  reduces  the  per  mile  limit  of  federal  participa- 
tion to  approximately  one-half  that  provided  in  the 
present  law.  Many  of  those  interested  in  highway 
improvement  also  feel  that  the  appropriations  are  not 
large  enough  to  provide  for  the  satisfactory  develop- 
ment of  our  highway  program  diiring  the  next  two 
years. 


FEDERAL  AID  STRENGTHENED 

Federal  aid  has  done  a  great  deal  more  for  the  coun- 
try than  simply  to  provide  funds  for  road  construction, 
according  to  the  Bureau  of  Public  Roads.  One  of  the 
most  far-reaching  results  has  been  its  influence  in  plac- 
ing the  greater  part  of  the  higliway  work  of  the  coun- 
try in  the  hands  of  experienced  engineei-s  of  state 
highway  departments. 

In  1915,  prior  to  the  Federal  Aid  Act,  70  per  cent 
of  the  road  work  was  done  by  agencies  other  than  state 
higliway  departments,  most  of  it  by  county  officials. 
Overhead  costs  were  high,  engineers  were  not  always 
employed,  systems  to  serve  the  best  interests  of  the 
state  as  a  whole  were  not  developed,  and  the  opportuni- 
ties for  corruption  were  greater. 

With  the  passage  of  the  Federal  Aid  Act  of  1916 
and  the  insistence  of  the  government  upon  the  con- 
struction of  Federal  Aid  roads  under  the  supervision 
of  state  departments,  existing  state  highway  depart- 
ments woi-e  enlarged  and  strengthened,  and  in  17  states 
adequate  departments  liave  been  ci'cated  where  there 
had  been  none  or  the  existing  one  was  not  properly 
equipped  to  perform  necessary  functions. 

With  adequate  departments  the  work  has  been  shift- 
ed to  their  control  until  at  the  present  time  they  super- 
vise more  tlian  60  per  cent  of  the  road  work.  This  as- 
sures to  tlie  taxpayer  the  services  of  engineers  trained 
in  road  work,  a  centralized  authority  responsible  for 
the  expenditure  of  funds,  and  a  far-sighted  plan  of 
development  and  financing. 
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Equipment  —  Trade  —  Materials 


PAVER  EQUIPPED  WITH  RUBBER  TIRES 

Tlie  use  oi.  rubber  tires  ou  heavy  construction  ma- 
chinery is  an  interesting  feature  of  a  motor-driven  Rex 
Paver  just  completed  by  the  Chain  Belt  Company, 
Milwaukee,  Wis.,  for  a  street  railway  company.  This 
machine  is  to  be  used  principally  for  paving  between 
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REX   PAVER    WITH    RUBBER   TIRES 

tracks  where  the  paving  outside  the  tracks  has  been 
previou.sly  completed.  The  tires  prevent  damage  to 
the  finished  paving  as  tlie  niaeliine  moves  along  witli 
the  jol).  Also,  in  traveling  from  jol)  to  job  over  high- 
ly finished  city  streets,  the  paver  can  be  moved  at  a 
good  rate  of  speed  without  danger  of  damage  to  eitlier 
pavement  or  machine. 


DIESEL  ENGINE  TO  OPERATE  NEW  SHOVEL 

The  Bueyi'Us  ('oii.paiiy  has  introduced  a  l-y<l.  re- 
volved shovel  operated  by  a  Diesel  type  engine.  The 
shovel  itself  is  of  the  same  improved  type  as  the 
gasoline  shovel  which  was  placed  on  the  market  a 
few  months  ago.  The  importance  of  the  new  devel- 
opment lies  principally  in  the  outstanding  fact  of  fuel 
cost  as  the  Diesel  type  engine,  will  use  any  cheap,  low- 
grade  oil  of  high  heat  value  which  will  flow  freely. 

The  manufacturer  claims  for  this  shovel  a  rough 
average  fuel  cost  of  $1  to  $1.25  per  day  as  against 
an  estimated  daily  fuel  cost  for  a  coal  burning  shovel 
of  $9  per  day. 

The  enpne  is  what  is  known  as  the  full  Diesel  type. 
not  the  semi-Diesel,  and  is  a  mechanical  injection  en- 
gine developing  55  hp.  at  360  r.p.m.  Its  cylinders  arc 
8  in.  by  lOj/^  in.  The  Diesel  type  engine  differs  from 
the  gasoline  en(^nc  principally  in  that  it  Ls  a  constant 
presBure  engine,  the  fuel  being  burned  directly  in  the 
cylinders  without  the  aid  of  a  carburetor,  spark  plugs, 
or  other  outside  heating  appliances.  In  the  Diesel 
type  engine,  the  fuel  is  injected  into  the  cylinders  at 


a  constant  pressure  in  an  atomized  state  and  is  lired 
by  the  heat  developed  by  the  compression  in  the  cyl- 
inders on  the  previous  stroke.  Thus  the  sudden  pres- 
sure due  to  the  explosion  in  the  gasoline  engine  is  elim- 
inated, making  the  engine  steadier  running  and  easier 
to  maintain. 

This  shovel,  known  as  the  Bucyrus  30-B  oil  shovel, 
may  be  furnished  either  as  a  shovel,  a  dragline,  a 
clamshell   or  a  locomotive  crane. 


CATERPILLAR  TRACTION  FOR  SHOVELS 

Of  interest  to  users  of  railroad-type  shovels,  as 
well  as  to  prospective  purcliasei-s,  is  the  announcement 
of  the  Bucyrus  Company  that  it  is  prepared  to  equip 
all  sizes  of  that  type  of  shovel  with  caterpillar  traction. 
Tlie  chief  advantage  of  caterpillars  lies  in  the  fact 
tliat  a  shovel  so  equipped  can  be  moved  more  easily 
and  quickly  with  consequent  saving  of  labor  and  time. 
For  transportation  by  rail,  railroad  trucks  may  be  eas- 
ily sub.stituted. 


BUILT  TO  ENDURE 

"Built  to  Endure"  is  the  title  of  a  booklet  recently 
published  by  the  Koehring  Company,  of  Milwaukee, 
Wis.,  which  sets  forth  in  an  interesting  manner  com- 
parative examples  of  notable  ancient  and  modern  con- 
struction embodying  the  element  of  permanency.  Well 
written,  tastefully  designed,  and  illustrated  with  etch- 
ings in  color,  this  booklet  is  decidedly  a  noteworthy 
and  attractive  road  publication. 


THE   "STERLING"  CONVERTIBLE  LEVEL 

The  "Hterling"  Convertible  Level  is  a  new  model  for 
the  u.se  of  buildei'S,  aT'chitects, 
and  construction  engineers 
manufactured  by  tlie  Warren- 
Knight  Co.  of  Philadelphia,  Pa. 
The  instrument  is  so  designed 
that  it  can  be  converted  from 
a  level  to  a  transit  in  ten  sec- 
onds without  throwing  it  out  of 
level.  This  change  is  accom- 
plished without  the  use  of  de- 
tachable parts.  Besides  the 
quick-change  feature,  the  level 
j)ossesses  many  exclusive  improvements. 


The  Stockland  Road  Machinery  Co.  of  Minneapolis, 
Minn.,  has  issued  its  1922  Good  Roads  Manual,  a  hand- 
some illustrated  booklet  which  contains,  in  addition- 
to  descriptions  of  Stockland  machines,  various  infor- 
mation and  suggestions  about  road  building. 


The  use  of  steel  forms  for  street  and  highway  con- 
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structioii  is  described  and  illustrated  in  a  catalogue 
published  by  the  Heltzel  Steel  Form  and  Iron  Co.,  of 
Warren,  Ohio. 


ROAD  MATERIAL  SURVEYS  LESSEN  COSTS 

Road  material  surveys  uow  being  made  in  several 
states  will  give  contractors  a  more  definite  basis  for 
bidding  on  road  work  and  result  in  cheaper  costs  of 
constraction,  says  the  Bureau  of  Public  Roads. 

In  making  these  surveys,  supplies  of  stone,  gravel, 
sand,  slag  and  other  materials  are  located,  samples 
tested  and  information  secured  as  to  accessibility, 
freight  rates,  and  other  factors.  This  information  is 
of  permanent  value  as  supplies  are  rarely  exhausted. 
By  furnishing  a  contractor  information  as  to  the  loca- 
tion of  satisfactory  materials  one  element  of  risk  is 
removed,  and  some  of  the  states  report  that  tliey  have 
definite  proof  that  such  service  has  resulted  in  de- 
creased bids. 

The  Bureau  of  Public  Roads  in  the  course  of  its  op- 
erations has  tested  some  9,000  samples  of  rock,  sand, 
gravel  and  slag,  and  reports  are  available  giving  the 
location  from  which  the  sample  was  taken,  together 
with  results  of  tests.  There  are  now  68  laboratories  en- 
gaged in  testing  road  materials,  and  data  is  being  rap- 
idly accumulated  even  in  states  that  are  not  at  this 
time  making  an  intensive  survey. 


SOUTH  CAROLINA  NUMBERS  HIGHWAYS 

In  addition  to  direction  and  distance  signs,  the  South 
Carolina  State  Highway  Department  has  marked  all 
the  established  roads  of  the  state  highway  system  with 
numbers  which  correspond  with  numbers  on  the  road 
map  of  the  department.  The  new  numbers  are  painted 
on  boards  inside  of  a  black  and  white  outline  of  the 
state  and  are  nailed  to  telephone  poles  or  other  con- 
venient objects  along  the  road,  at  prominent  points. 
By  means  of  these  numbers,  any  traveler  who  will 
refer  to  the  department  map  can  find  his  way  between 
any  two  points  on  the  state  highway  system. 


ROAD  BUILDING  COSTS  IN  WISCONSIN 

A.  R.  Hirst,  Chief  Engineer  of  the  Wisconsin  High- 
way Department,  has  announced  that  the  400  mi.  of 
concrete  road  to  be  constructed  in  that  state  this  year 
will  cost  less  than  the  350  mi.  built  in  1921.  A  com- 
parison of  the  average  costs  of  building  an  18  ft.  con- 
crete road,  exclusive  of  surveys  and  inspection,  for 
the  years  1921  and  1922,  show  a  decrease  during  the 
122-month  period  of  nearly  $9,000.  The  1922  cost  is 
estimated  at  $25,383  per  mile.  The  drop  in  the  cost 
of  grading  during  the  same  period  is  31  per  cent. 


THE  OUTDOOR  LEAGUE  OP  AMERICA 

The  Outdoor  League  of  America  was  organized  at 
the  meeting  of  the  National  Federation  of  Outdoor 
Clubs  which  was  held  at  St.  Louis.  April  26.  Dr. 
W.  H.  Taylor  of  Denver  was  elected  president;  Emer- 


son Hough,  the  novelist,  of  Chicago,  vice-president; 
and  Charles  F.  Hatfield  of  St.  Louis,  secretary.  The 
mission  of  the  league  is  to  inculcate  and  increase  an 
intense  and  general  love  of  nature,  interest  in  outdoor 
sports,  and  an  understanding  of  the  value  of  outdoor 
activities  in  connection  with  good  citizenship. 


STATUS  OF  FEDERAL  AID  IN  MONTANA 

The  March  report  of  the  State  Highway  Department 
of  Montana  shows  that  $6,800,000  has  been  expended 
by  the  department  on  federal  aid  projects  in  the  years 
1919,  1920,  1921  and  three  months  of  1922.  This  con- 
struction has  brought  to  the  state  an  amount  of  fed- 
eral money  substantially  over  $3,000,000.  The  total 
length  of  projects  completed  is  over  500  mi.  and  220 
mi.  are  now  under  construction  contract,  many  of  them 
nearly  complete.  The  1922  contracts  will  increase  this 
mileage  sizeably.  The  report  indicates  that  16  mi.  of 
roads  have  been  surveyed  during  March  and  a  total 
of  37  mi.  of  survey.s  have  been  made  in  1922. 


BRICK  HIGHWAY  FOR  INDIANA 

The  Indiana  State  Highway  Commission  has  award- 
ed the  contract  for  the  construction  of  the  first  brick 
road  to  be  built  by  the  state.  The  road  is  a  section 
of  the  National  Road  6.897  mi.  in  length,  and  is  to  be 
constructed  of  bituminous  filled  brick  on  a  concrete 
base.  The  bid  price  was  $219,916,  approximately  $111,- 
000  more  than  the  low  bid  for  concrete  pavement  for 
the  road.  The  award  of  this  contract  marks  a  new 
departure  in  the  policy  of  the  highway  commission 
which  has  heretofore  refused  to  award  any  contracts 
for  brick  construction  on  the  ground  that  the  cost  was 
excessive  in  comparison  with  concrete. 


FEDERAL  AID  ROAD  CONSTRUCTION 

Federal  aid  roads  completed  since  1916  totaled  11,017 
mi.  on  March  31,  an  increase  of  8,016  mi.  during  the 
preceding  12  months,  says  the  Bureau  of  Public  Roads. 
A  great  many  different  types  and  widths  were  con- 
structed, the  general  average  cost  per  mile  for  the 
United  States  being  $17,120.  In  total  mileage  com- 
pleted the  leading  states  were  Minnesota  1,093  mi., 
Texas  919,  Wisconsin  657,  Illinois  489,  Ohio  465,  and 
Arkansas  401. 


The  Montana  State  Highway  Department  has  com- 
pleted a  new  state  highway  map  which  is  the  most 
complete  and  accurate  road  map  of  the  state  yet  com- 
piled. It  is  the  plan  of  the  department  to  have  a  small 
size  printed  in  folder  form  for  general  distribution. 


The  Austin  Machinery  Corporation,  at  the  annual 
meetings  of  stockholders  and  board  of  directors  held 
recently  in  Richmond,  Va.,  and  New  York,  N.  Y.,  elect- 
ed the  following  officers:  B.  A.  Linderman,  president; 
John  E.  Shaw,  vice-president;  William  Wemtz,  secre- 
tary; J.  R.  Keppel,  treasurer. 
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MEETINGS 

Calendar  of  Coming  Meetings 

May  12 — National  Highway  Traffic  Association — An- 
nual meeting,  Automobile  Club  of  America,  New  York 
City.  Secretary,  Elmer  Thompson,  247  "West  54th  St.. 
New  York  City. 

BSay  26-27  —  Dixie  ffighway  Association  —  Annual 
convention,  Jackson\-illi',  Fla.  Secretary,  M.  B.  Rob- 
erts, 302  First  National  Bank  Bldg.,  Chattanooga,  Tenn. 

June  4-6 — American  Association  of  Engineers — ^An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary, 
C  E.  Drayer,  Cliicago,  HI. 

June  12-15 — Canadian  Good  Roads  Association — 
Ninth  annual  convention,  Victoria,  B.  C.  Secretary- 
treasurer,  George  A.  McNamee,  Birks  Bldg.,  Montreal, 
Canada. 

June  26-July  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineei  s '  Club  Bldg.,  Phila- 
delphia, Pa. 

Aug.  9-10 — Custer  Battlefield  Highway  Association 
—Annual  meeting,  Sheridan,  Wyo.  Secretary,  W.  D. 
Fisher,  Sheridan,  Wyo. 

Oct.  9-13 — American  Society  for  Municipal  Improve- 
ments— Annual  convention,  Cleveland,  0.  Secretary, 
Charles  Carroll  Brown,  St.  Petersburg,  Fla. 


PROGRAM  FOR  A.  S.  T.  M.  MEETING 

The  American  Society  for  Testing  Materials  has 
sent  to  its  members  the  provisional  program  for  the 
annual  meeting  of  the  society  which  is  to  be  held  in 
Atlantic  City,  N.  J.,  during  the  week  of  June  26.  The 
first  day  will  be  devoted  to  registration  and  committee 
meetings.  There  will  be  twelve  business  sessions,  be- 
ginning Tuesday  morning,  June  27,  and  ending  Friday 
evening,  June  30.  Two  sessions  wDl  be  of  special  in- 
terest to  road  builders;  the  eighth  session.  "On  Con- 
crete Aggregates,  Road  Materials,  and  Waterproofing," 
at  8  p.  m.  on  Thursday,  and  the  twelfth  session,  "On 
Cement  and  Concrete,"  at  8.00  p.  m.  on  Friday.  The 
reports  of  the  committees  on  lime,  drain  tile,  and  brick 
will  be  made  at  the  tenth  session  at  9.30  a.  m.  on  Fri- 
day. While  this  arrangement  is  subject  to  change,  ev- 
ery effort  will  be  made  in  arranging  the  final  program 
to  make  as  few  changes  as  possible. 


CONFERENCE  ON  STATE  PARKS 

The  Second  .National  Conference  on  State  Parks  will 
be  held  at  Bear  Mountain  Inn.  Palisades  Interstate 
Park,  New  York,  from  May  22  to  25.  The  aim  of  the 
conference  is  to  stimulate  interest  in  state  park  sys- 
tems, especially  with  a  view  to  the  acquisition  of  lands 


suitable  for  preservation  in  all  the  states  while  they 
can  be  acquired  cheaply.  The  subject  is  of  interest  to 
promoters  and  builders  of  improved  liighways  because 
of  the  fact  that  good  roads  are  necessary  to  open  such 
reservations  to  the  public. 


NATIONAL  CHAMBER  OF  COMMERCE 

TO  DISCUSS  HIGHWAY  TRANSPORT 

Highway  transport  in  all  its  phases  will  be  dis- 
cussed at  tlie  liighway  transport  section  of  the  annual 
meeting  of  the  Chamber  of  Commerce  of  the  United 
States  which  takes  place  at  the  Masonic  Temple,  Wash- 
ington, D.  C,  on  May  16.  T.  H.  MacDonald,  CMef  of 
the  Bureau  of  Public  Roads,  will  speak  first  on  "Eco- 
nomic Foundation  for  PMture  Highway  Progress."  He 
will  be  followed  by  E.  J.  Mehren,  Editor  of  the  En- 
gineering News-Record,  who  will  discuss,  "Practical 
Highway  Transport  Regulation."  There  will  be  a 
general  discussion  following  the  presentation  of  the 
addresses. 


PERSONAL  MENTION 


D.  E.  Harrington,  Assistant  City  Engineer  of  Mad- 
ison, Wis.,  has  resigned  to  enter  the  engineering  and 
contracting  business. 

Gabriel  Henry,  Chief  Engineer  of  the  Department 
of  Roads,  Province  of  Quebec,  has  been  appointed  su- 
perintendent of  provincial  roads  and  highways. 

Harry  S.  Leyden,  Chief  Inspector  of  Highway  Con- 
struction of  Fresno,  Cal,  has  been  appointed  county 
superintendent  of  highway  construction  and  mainte- 
nance. 

J.  J.  Hedrick,  Jr.,  of  Tampa,  Fla.,  County  Engineer 
of  Hillsborough  County,  has  resigned  to  enter  the  con- 
tracting field.  Allan  Pimm,  his  assistant,  has  been 
appointed  county  engineer. 

L.  A.  Doan,  formerly  assistant  engineer  of  bridge 
construction  witli  the  Indiana  State  Highway  Com- 
mission, has  been  appointed  assistant  district  engineer 
in  charge  of  bridges  for  the  upper  peninsula  of  Mich- 
igan. 

FVed  Emerson,  Assistant  City  Engineer  of  Lockport, 
N.  Y.,  has  been  appointed  city  engineer  of  Batavia, 
N.  Y. 

W.  B.  Spencer,  dealer  in  road-building  equipment, 
lias  moved  his  offices  from  150  Nassau  street  to  30 
Church  street.  New  York  City. 


The  Maryland  State  Roads  Commission  plans  to 
spend  $4,800,000  tliis  year,  .$3,000,000  for  construction 
of  improved  highways  and  $1,800,000  for  maintenance 
of  the  existing  system. 
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Products 


Standard  Asphalt  Binder  A  for  surface  treatment. 

Standard  Asphalt  Binder  B  for  penetration  work. 

Standard  Asphalt  Binder  C  for  the  mixing  method. 

Standard  Refined  Mexican  Asphalt  for  sheet  as- 
phalt paving. 

Standard  Asphalt  Joint  Fillers  for  brick  or  block  pave- 
ments 

Standard  Paving  Flux,  Standard  Brid^  Asphalt  and 
Preserving  Oils. 

STANDARD  OIL  CO.  OF  NEWYORK 

26  Broadway 


.Specifications  and  all 
other  particulars  fur- 
nished on  request. 


PERFECT  APPLICATION 

HEATER  and  DISTRIBUTOR 

will   heat  and  apply  all  varieties  of  bituminous  products 

now    in    U3e    for    road    construction    and    maintenance. 

GET   OUR   CATALOG 

KINNEY  MANUFACTURING  CO. 

BOSTON,     MASS. 

New  York  Houston  Chicago  San   Francisco 

Kanaas  City  Philadelphia 
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CoiuffU  popemrni,  If'aurvlift,  N.  >*., 
gwn  karJt  loni-wtaring  Jurfate  hy 
Bm^tk^yU  Road  TreatmtnL 


— and  when  it  comes  to  concrete  road 

maintenance — read  this  book! 


^:ONCRETE 

and 

.MORTARS, 


For  over  twenty  yean  the  Genetal 
Chemkjl  Caaipjny  hu  been  at  the 
forefront  of  chemical  research  and 
nunufacture  in  this  country,  Hard- 
n-tyte  it  the  latest  contribution  of  its 
•pfendid  staff  of  chemucs.  It  is  the 
■mmfiil  result  of  long  search  for  a 
concrete  hardener  that  really  hardens 
the  surface  and  materially  increases 
iu  life.  It  enables  engineers  and 
coatracton  to  deliver  a  quality  of  con- 
Crete  work  far  in  advance  of  anythinc 
dut   bai   b(ca    poanbU   heretofore. 


Weather-proof,  wear-proof  con- 
crete is  the  easiest  to  maintain. 

Hard-n-tyte  is  used  not  only 
for  new  work, — ask  a  few  high- 
way engineers  who  have  tried  it 
on  old  concrete  pavements.  Find 
out  what  state  highway  depart- 
ments are  doing  to  old  work  with 
Hard-n-tyte. 

They're  giving  it  a  surface  that 
water  doesn't  penetrate.  They're 
keeping  soft  concrete  from  crunch- 
ing out  under  heavy  traffic.  And 
put  this  down — you'll  need  it 
some   time  —  Hard-n-tyte   saves 


the  day  on  concrete  that  has  been 
touched  by  frost. 

Hard-n-tyte  Road  Treatment 
gives  either  old  or  new  concrete  a 
hard,  long-wearing  surface  ithat 
requires  little  or  no  maintenance. 
It  is  quickly  applied  by  common 
labor  and  increases  the  life  of 
concrete  roads  at  least  30%. 

Send  for  a  copy  of  "Hard-n- 
tyte  Highways"  and  find  out  how 
to  take  the  trouble  and  expense 
out  of  concrete  highway  main- 
tenance. 

General  Chemical  Company 
40  Rector  Street  New  York  City 


makes  concrete  roads  wear  longer 

When  Writing  Advertisers  Please  MenUon  GOOD  ROADS 


,n^ 


GOOD   ROADS 


CONSTRUCTION 


MAINTENANCE 


TRANSPORTATION 

WITH  WHICH  IS  INCORPORATED 

THE  HIGHWAY  CONTRACTOR  AND  ROAD  BUILDER 


Vol.  Lxn. 


NEW  YORK,  N.  Y.,  lAAY  17,  1922 


No.  20 


Distribution   of  Wheel   Loads   on   Pavement 

Sections* 

By  H.  F.  CliEMMiait  and  C.  A.  HOGENTOGLEBt 


I 


I 


Part  of  tlie  investigational  work  carried  on  at  the 
Bates  Experimental  Road,  under  the  direction  of  Clif- 
ford Older,  Chief  Engineer  of  the  Illinois  Division  of 
Highways,  consisted  of  observation's  for  determining 
the  deflections  of  the  various  surfaces,  and  correspond" 
ing  pressures  delivered  to  the  subgrade  during  the  pas- 
sage of  heavy  motor  truck  wheels.  The  behavior  of 
corners  adjacent  to  joints,  as  well  as  other  parts  of 
the  sections,  were  observed.  Ames  dials,  supported 
independently  of  the  pavement,  were  used  for  meas- 
uiing  deflections  and  subgrade  pressures  were  obtained 
by  means  of  pressure  cells  whieli  were  supplied  by 
the  U.  S.  Bureau  of  Public  Roads.  During  construc- 
tion, 25  cells  were  placed  in  the  road,  12  being  in 
corners  18  in.  from  both  the  joint  and  the  side  edge, 
and  13  iji  otlier  parts  of  the  sections.  The  procedure 
in  pressure  cell  installation  and  manipulation  was  sim- 
ilar to  that  used  on  the  Camp  Humphrey  road  test.' 
Types  of  pavements  observed  were  monolitliie,  semi- 
monolithic,  concrete  and  bituminous  filled  brick  on 
macadam  base. 

For  obtaining  information  at  the  corners,  pressures 
and  readings  on  two  Ames  dials,  one  each  side  of  tht; 
joint  1  in.  from  the  side  edge  of  the  pavement,  were 
taken  when  the  rear  wheel  of  a  motor  truck,  which 
was  moved  across  the  joint,  was  placed  at  intervals 
of  1  ft.  for  a  distance  of  4  ft.  each  side  of  the  joint 
and  at  intervals  of  2  ft.  tlirough  a  distance  of  from  4 
to  18  ft.  each  sid  eof  the  joint.  Observations  at  points 
othei-  than  cornei-s  were  made  in  a  manner  similar  to 
that  described  above,  excepting  that  one  Ames  dial 
was  used  instead  of  two.  This  dial  was  supported  on 
a  ^"in.  iron  rod  driven  4  ft.  into  the  subgrade  thi-ougli 
the  surface  at  a  point  from  which  a  test  core  was 
taken.     A  record  also  was  made  of  pressures,  deflec- 


♦Report  of  one  of  the  highway  research  investigations 
carried  on  by  the  Illinois  Division  of  Highways,  the  U.  S. 
Bureau  of  Public  Roads  cooperating. 

tEngineer  of  Tests,   Illinois  Division  of  Highways. 

JHighway  Engineer,  U.  S.   Bureau  of  Public  Roads. 

iThicltness  of  Concrete  Slabs,  by  A.  T.  Goldbeck,  Public 
Roads,  April,  1919. 


tions,  and  air  temperatures,  both  before  and  after  each 
set  of  observations.  Moisture  content  of  sub  grades 
was  determined  at  each  point  observed.  The  motor 
truck  used  had  front  and  rear  wheel  weights  of  3,340 
and  7,150  lb.  respectively. 

In  all,  six  sets  of  observations  were  made,  one  about 
noon  and  one  about  midnight  on  both  August  8  and 
October  25,  1921,  as  well  as  day  runs  on  March  6,  and 
April  17,  1922.  Fi-om  noon  and  midnight  sets,  it 
was  hoped  to  learn  more  about  the  effects  of  slab 
warping,  a  discussion  of  which  has  been  given  in  a 
previous  paper,''  while  those  taken  at  several  different 
times  of  the  year  were  expected  to  show  effects  of 
season  changs. 

This  work  rquired  taking  about  2,000  pressure  cell 
and  6,000  dial  readings,  from  which  were  secured  about 
150  influence  curves.  These  influence  curves  show  (1), 
the  distances  from  points  observed  at  which  the  in- 
fluence of  the  wheel  load  was  felt,  and  (2),  the  pres- 
sures exerted  on  the  subgrade  by  such  deformations 
as  were  caused  by  surface  deflections.  In  addition  to 
the  above,  the  curves  secured  from  corner  loadings 
disclose  the  ability  of  joints  to  transfer  loads  on  one 
section,  to  the  adjacent  section,  and  also  the  vertical 
movement  of  tlie  two  sections  due  to  the  fact  that 
perfect  contact  between  the  two  did  not  exist. 

A  study  of  the  corner  curves  failed  to  show  any  defi- 
nite relation  between  deflection  and  load,  or  deflection 
and  thickness  of  surface.  Witliout  exception,  however, 
tlie  deflections  at  night  were  greater  than  those  which 
occurred  in  daytime,  showing  clearly  tliat  during  the 
cooler  part  of  tlie  day,  due  to  warping,  the  edges  of 
rigid  road  slabs  are  curled  upward,  while  in  the  warm- 
er part,  they  are  curled  downward.  In  addition  to 
this  curling,  and  due  to  the  same  cause,  temperature 
eliange,  there  was  noted  also  longitudinal  contraction 
and  expansion  of  the  sections,  allowing  better  di.rtri- 


2Bates  Experimental  Road,  by  Clifford  Older,  read  at 
meeting  of  American  Association  of  State  Highway  Offi- 
cials at  Omaha,  Neb.,  Dec.  8,  1921. 
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bution  of  the  load  across  joints  during  the  day  than 
at  night. 
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FIGURE   1 

Typical  corner  influenee  curves  ai'c  shown  in  Pig.  1. 
Tlie  curves  for  section  No.  37  indicate  tliat,  at  the  joint 
between  the  nionolitliic  sections  No.  37  (3-in.  brick 
and  3-in.  base)  and  38  (4-in.  brick  and  3-in.  base), 
perfect  contact  existed  both  day  and  night.  The  curves 
for  section  No.  40  indicate  tliat,  at  the  joint  between 
these  two  9-in.  concrete  slabs,  very  little  connection 
existed  either  night  or  day.  This  condition  was  due  to 
the  fact  that  the  original  joint  was  chiseled  out  to  a 
width  of  one  inch  and  later  filled  with  Portland  ce- 
ment grout.  The  curves  for  section  No.  42  indicate 
that,  at  the  joint  between  the  8-  and  7-in.  concrete 
slabs,  excellent  contact  existed  during  the  day  and 
but  very  little  at  night,  tliu.s  showing  the  effect  of 
longitudinal  contraction  and  expan.sioii  due  to  tem- 
perature changes.  A  scrutiny  of  these  curves  shows 
that  the  greater  deflections  occur  at  night.  In  sec- 
tion No.  37,  where  perfect  contact  existed,  the  differ- 
ence between  day  and  night  deflections  was  but  .008 
in. ;  in  section  No.  42,  where  perfect  contact  existed 
only  during  the  day,  the  difference  was  .048  in.;  and 
in  Section  No.  40,  where  perfect  contact  existed  at 
neither  time,  the  difference  in  deflections  was  .041  in. 
This  indicated  that  the  warping  was  considerably  hss 
when  perfect  contact  between  sections  existed. 

The  curves  in  Via  2  show  the  behavior  of  corners 
on  opposite  sides  of  the  joint  when  a  truck  wheel 
pasftefl  from  one  aide  to  the  other.  When  contact  be- 
tween sections  is  not  perfect,  a  movement  occurs 
which  causes  the  ends  of  the  slabs,  if  they  are  close 
enough  together,  to  nib  against  each  other,  which 
action  can  cause  shattering,  or  feathering,  of  the  joints. 
Between  sections  Nos.  44   and  4.5.  where  no  contact 


exists,  the  movement,  or  distance,  of  rubbing  was  .187 
in.  In  sections  Nos.  51  and  52,  where  partial  contact 
was  indicated,  this  rubbing  distance  was  slightly  more 
than  .1  in.,  notwithstanding  the  fact  that  tlic  total 
(Icdectlons  are  about  the  same  as  those  of  Nos.  44  and 
45.  lietween  sections  Nos.  40  and  39,  whore  perfect 
connection  existed,  the  rubbing  movement  was  eom- 
l)!ctely  elimhiated. 

iSince  tlie  observed  deflections,  because  ol'  different 
ccnulilions  of  contact  between  sections,  were  caused 
liy  varyiufi  loads,  it  was  neces.sary  before  comparisons 
weri'  made  to  know  the  deflections  which  would  have 
occui'red  liad  the  same  conditions  of  contact  existed 
a)  llie  joints.  By  assuming  perfect  contact,  values 
were  obtained  from  the  formulae  shown  in  V\g.  3,  aH(l 
fnrnislied  a  basis  of  comparison.  These  values  are  only 
approximate  since  the  assumption  made  in  their  deri- 
vation was  that  the  deflection  of  the  corner  varied 
directly  as  the  load.  These  computed  values,  together 
with  the  observed  deflections  and  the  total  movements, 
or  distances,  of  rubbing  for  the  day  and  night  readings 
on  Oetobei-  25,  1921,  are  given  in  Table  I. 

The  joint  between  sections  Nos.  44  and  45,  wliicli 
showed  the  greatest  movement,  was  filled  with  bitu- 
minous conci-ete,  while  that  with  the  next  greatest 
movement,  taking  into  consideration  tlie  thickness  o£ 
the  slab,  was  filled  with  Portland  cement  grout.  All 
other  joints  had  corrugated  metal,  witliout  dowels, 
between  the  sections. 

The  two  joints  which  showed  the  least  movement 
were  between  the  two  monolithic  sections  Nos.  38  and 
37  and  between  the  monolithic  and  concrete  sections 
Nos.  40  and  39. 

Table  I  shows  very  clearly  the  decrease  in  observed 
deflections  and  total  movements  during  the  day  and, 
while  the  percentages  of  disti-ibution  are  only  approx- 
imate, they  show  clearly  the  increased  contact  during 
the  day.     In   the  daytime,  for   all  sections  observed, 
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the  average  deflection  was  .026  in.  less,  the  average 
rubbing  distance  was  .039  in.  less,  and  the  per  cent 
distribution  of  load  across  tlie  joint  was  8.8  in.  greater 
than  at  night.     The   night   observations  show   but   7 

A i B 


Let  Qi  •deflection   of   slob  A    wh«n    load  P  is  on  slab  A 


b. 

az- 

bz- 

fA- 
fB- 


A                  ••  n              tf        H           m                 •& 

,B  -        -     .      ,          .        B 

A  when  slab  A  takes  entire  load  P' 

B           "  "      B        ••              n             "       • 


Then 
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fB 


f* 
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fA  fB 


-CJ) 


from   which 
fA    • 

fB     = 


oibz  —  gg  bi 
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Oi  bz  —  a.2  bi 


If    perfect   contact  exists    between    slobs  A  and  B,  load     P 
produces    equal  deflections   in   both    slabs,  or  o,»b|-a2-bz. 
Substituting   values    for    fA  and    fs    in    equations  <3)  and(4) 
in    equotion  ( 1)  or  (2),   the    deflection 

Ca,-Oj)+(b2-bi) 
in   which     ai.Oi.b,  ond   bz    are    the     observed    deflections 
FIGURE   3 

joints  offering  40  per  cent,  or  more,  distribution,  while 
during  the  day  11  show  this  condition.  Comparing 
both  the  observed  values  and  those  computed  for  tJie 
condition  that  adjacent  slabs  have  perfect  contact,  it 
can  be  noted  that: 

1.  The  difference  in  computed  deflections  between 
night  and  day  was  considerably  less  than  in  the  ob- 
served deflections.  The  computed  difference  for  cor- 
ners acting  independently  was  .039  in. ;  that  for  the 
observed  deflections,  .026  in. ;  and  that  for  assumed 
perfect  contact,  but  .017  in. 

2.  On  October  25th,  the  average  deflection  for  7,150 
lb.  load  at  night  was  .059  in.,  while  for  3,340  lb.  it 
was  .017  in.,  which  indicated  that  deflections  did  not 
vary  directly  as  the  load.  This  difference  in  daytime 
for  the  two  loads  is  again  different,  being  .042  in. 
for  7,150  lb.  and  but  .009  in.  for  3,340  lb.  That  is, 
at  night,  a  53  per  cent  load  reduction  shows  71  per 
cent  less  deflection,  and,  during  the  day,  the  same  load 
reduction  is  accompanied  by  79  per  cent  reduction  in 
deflection. 

The  distances  through  which  the  influence  of  tlie 
wheel  load  was  exerted  ranged  from  16  to  26  ft.  but, 
because  of  the  different  percentages  of  load  acting,  no 
definite  comparisons  could  be  made.  In  general,  the 
deflections  observed  in  August  agreed  with  those  of 


October,  in  some  cases  being  slightly  greater  and,  in 
others,  slightly  less.  The  computed  deflections  for 
March  were  but  slightly  greater  than  for  October.  The 
average  of  total  movements  in  March  was  slightly 
less  than  in  October. 

The  observations  taken  in  April  showed  less  deflec- 
tions and  slightly  greater  movement  between  slabs  than 
those  in  March  or  October.  Since  these  readings  were 
taken  after  1,600  applications  of  the  truck  loads,  it 
would  indicate  that  the  effect  of  traffic  loosened  the 
joints  somewhat  and  also  caused  the  surface  to  have 
increased  subgrade  support. 

Subgrade  Support  as  Indicated  by  Pressure  Cells 

The  influence  curves  secured  from  pressure  cells 
placed  in  the  bottom  of  the  pavement  were  similar  to 
those  derived  from  the  Ames  Dial  readings  showing 
the  deflections  of  the  various  .sections,  thus  indicat- 
ing that  a  deflnite  relaton  existed  between  deforma- 
tion of  subgrade  and  its  corresponding  supporting 
power.  In  otlier  words,  for  tlie  type  of  soil  under  the 
Bates  Road  the  term,  "supporting  value  of  so  many 
pounds  per  square  inch,"  is  intelligible  only  when 
the  deformation  of  soil  accompanying  such  pressure 
is  known.  For  this  reason,  the  term,  "pressure  in 
pounds  per  square  inch  for  a  definite  amount  of  defor- 
mation," is  used  in  the  following  discussion. 

The  relations  between  subgrade  pressures  and  de- 
flections of  the  surface  are  clearly  shown  by  the  curves 
in  Fig.  4.  Curves  No.  31  (Syi  in.  concrete  base,  1-in. 
sand  cement  cushion,  3-in.  lugless  brick,  grout  filled) 
for  day  and  night  show  this  relation  for  corners  hav- 
ing little  contact.  At  both  times  the  pressure  curves 
are  identical  with  the  deflection  curves.  The  upward 
warping  at  night,  again,  can  be  noted.  Pressure  with- 
out load  during  the  day  was  .1  lb.  per  sq.  in.,  while 
at  night  this  pressure  was  not  attained  until  the  corner 
was  deflected  .003  in.  The  maximum  pressure  at  night 
was  .1  lb.  greater  tlian  that  at  day,  being  3.9  instead 
of  3.8  lb.  per  sq.  in.  Tlie  corresponding  deflection  ar 
niglit  was  .004  in,  greater  tlian  at  day,  being  .047 
rather  tlian  .043  in.  Stibtracting  tlie  initial  deflection 
noted  above  of  .003  in.,  there  results  an  increase  in 
pressure  of  .1  lb.  per  sq.  in.  for  an  increase  in  corner  de- 
flection of  .001  in.  Since  the  deflections  of  the  slab 
at  the  pressure  cell  location  which  was  on  the  diagonal 
2  ft.  from  the  corner,  were  somewhat  less  than  those 
recorded  at  tlie  corner,  it  would  seem  tliat  the  support- 
ing value  of  the  soil  under  the  cell  at  this  time  was 
somewhat  greater  than  1  lb.  per  sq.  in.  for  each  .01 
deformation.     The  moisture  content  was  31.5  per  cent. 

Curves  No.  37  (monolithic,  3-in.  brick  top.  3-in.  con- 
crete base),  night  and  day,  .show  the  relation  between 
pressure  and  deflection  as  found  at  a  joint  where  per- 
fect contact  existed  between  the  adjacent  sections.  In 
tins  case,  the  pressures  botli  night  and  day  Avithout 
load  were  zero.  "With  load,  the  pressure  at  night  was 
.5  lb.  greater  than  during  the  day,  being  2.3  lb.  in- 
stead of  1.7  lb.,  while  the  increase  in  deflection  at  night 
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was  .008  in.  greater  than  during  the  day,  being  .042 
in.,  rather  than  .034  in.  In  these  curves,  it  was  indi- 
cated that  after  the  pressure  exceeded  1  lb.  per  sq.  in. 
the  bearing  value  of  the  subgrade  was  similar  to  tliat 
noted  for  No.  31 ;  that  is,  somewhat  greater  than  1  lb. 
per  sq.  in.  for  each  .01  in.  deformation.  The  moisture 
content  was  29.2  per  cent. 

Ciirves  No.  42  show  the  relation  between  pressure 
and  deflection  at  a  point  18  in.  from  the  north  side 
edge  of  an  8-in.  concrete  section.  Again,  the  similar- 
ity between  the  two  is  very  noticeable.  With  a  deflec- 
tion of  .02  in.  there  was  a  pressure  increase  of  3.4 
lb.,  indicating  that  the  bearing  value  of  the  soil  was 
about  1.7  lb.  per  sq.  in.  for  each  .01  in.  deformation. 
The  moisture  content  of  the  soil  was  31.2  per  cent. 
In  these  curves,  the  influence  of  the  front  wheel,  as 
well  as  that  of  the  rear,  is  very  noticeable.  The  in- 
crease in  pressure  due  to  the  front  wheel,  .8  lbs.  per 
sq.  in.,  was  about  25  per  cent  of.  that  caused  by  the 
rear  wheel,  3.4  lbs.  per  sq.  in.,  which  relation  is  simi- 
lar to  that  noted  above  as  existing  between  the  corre- 
sponding deflections  at  the  corners  of  tlie  slabs. 

In  curves  No.  56  (5-in.  concrete)  the  surface  deflec- 
tions observed  are  compared  witli  the  pressures  as 
sliown  at  the  top  of  the  subgrade,  as  well  as  those  found 
in  6  in.  below  the  top.  There  is  little  difference  be- 
tween these  two  pressure  curves  except  that  the  one 
for  the  top  of  the  subgrade  seems  to  be  slightly  more 
sensitive  to  surface  deflection  than  the  one  6  in.  below. 
Also,  slightly  greater  pressure  is  shown  for  the  foj-nier 
than  for  the  latter.  When  the  rear  Avlieel  exerts  its 
greatest  influence  upon  the  point  of  observation,  the 
bearing  value  at  the  top  of  the  subgrade  is  2.2  lb.  per 
sq.  in.  for  each  .01  in.  deformation,  while  for  a  point 
6  in.  below  the  top,  the  increase  in  pressure  is  but  1.8 
lb.  per  sq.  in.  for  each  .01  in.  deflection  of  the  surface. 
That  this  cell  is  close  to  a  transverse  crack  in  tlie  sur- 
face is  very  clearly  shown  by  the  curves.  The  lower 
pressures  seem  to  increase  .1  lb.  per  sq.  in.  for  each  .01 
in.  deflection  of  surface.  The  moisture  content  is  29.2 
per  cent. 

In  Table  II,  are  given  locations  of  cells  and  pres- 
sures observed  with  and  without  wheel  load.  It  will 
be  noted  that,  in  a  considerable  number  of  cases,  no 
pressures  were  recorded.  This  can  mean  either  that 
there  was  no  contact  between  the  subgrade  and  the 
surface,  or  that  the  cell  did  not  record  such  contact 
as  existed.  Considering  the  second  possibility,  there 
have  been  cases  in  which  poor  manipulation  of  tlie  cells 
has  created  permanent  deformation  directly  under  the 
diaphragm  which  makes  future  readings  useless.  This. 
however,  can  only  occur  in  a  soil  in  wliich  there  is  little 
elasticity.  For  instance,  if  too  great  an  air  pressure 
is  allowed  to  enter  the  cell,  the  diapliragrn  can  be 
pushed  down  a  maximum  of  something  less  than  .05  in. 
If  the  soil  has  no  elasticity,  a  permanent  deformation 
at  this  point  is  caused  which  indicates  no  contact  for 
future  readings.    The  soil  under  the  Bates  road,  how- 


ever, is  extremely  elastic.  Experiments  have  shown 
that,  under  pressure,  this  soil  can  be  deformed  .1  in. 
repeatedly,  returning  always  to  its  original  shape.  Also 
each  cell  given  in  Table  II  has  been  tested  by  suction 
and  found  to  be  in  perfect  working  order.  It  is,  there- 
fore, believed  that,  in  most  cases,  the  zero  readings 
indicate  lack  of  support  at  the  observed  points.  It 
•will  be  noted  also  that  many  anore  zero  readings  were 
found  at  corners  than  at  other  parts  of  the  sections. 
For  instance,  of  the  44  corner  observations  made  with- 
out load,  but  5  showed  contact,  while  out  of  47  read- 
ings, taken  at  other  parts  of  the  slabs  without  load, 
24  showed  contact.  Under  the  7,150  lb.  wheel  load, 
18  out  of  42  corner  points  showed  contact  and  32  out 
of  47  observations  at  other  points  indicated  the  same 
condition.  From  these  figures,  it  would  seem  that, 
especially  under  comers,  subgrade  support  under  a 
rigid  pavement  is  extremely  variable.  Whether  the 
lack  of  contact  between  surface  and  subgrade  was  lo- 
cal, being  only  at  the  cell  position,  or  whether  it  ex- 
tended some  distance  around  the  cell  position  was  not 
determined.  If,  in  addition  to  the  daily  warping  of 
slabs  caused  by  temperature  change,  there  is  a  grad- 
ually progressive  wai-p  caused  by  the  fact  that  the 
top  of  the  slab  is  more  or  less  dry,  being  subjected 
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to  the  air  and  sunshine  while  the  bottom  is  in  contact 
with  the  moist  sub  grade,  the  lack  of  support  at  tha 
corners  would  be  accounted  for. 

Considering  the  pressures  with  the  observed  deflec- 
tions, the  upward  warping  of  the  edges  of  the  slab 
at  night  ^vas  again  very  apparent.  For  instance,  cell 
No.  8,  under  the  corner  of  section  No.  40  from  read- 
ings taken  Aug.  8th,  indicated  that,  at  night,  .061  in. 
corner  deflection  was  required  to  bring  the  cell  loca- 
tion in  contact  with  the  subgrade  and,  in  the  daytime, 
support  at  this  point  was  shown  by  a  corner  deflection 
of  but  .071  in.,  from  which  it  would  appear  that  dis- 


of  the  wheel  were  without  doubt  somewhat  smaller 
than  those  which  occurred  directly  under  the  wheel, 
thus  indicating  again  that  the  resistance,  or  bearing 
value,  of  the  soil  was  something  greater  than  1  lb. 
per  sq.  in.  for  each  .01  in.  deformation. 

Of  the  12  corner  cells  which  registered  more  than 
1  lb.  per  sq.  in.  pressure,  9  consistently  showed  sup- 
port somewhat  in  excess  of  1  lb.  per  sq.  in.  for  each 
.01  in.  deformation.  Seven  cells  which  recorded  less 
than  1  lb.  per  sq.  in.,  indicated  no  relation  between 
pressure  and  deflection.  This  bears  out  the  result  of 
previous  experiments  from  which  it  was  indicated  that. 


TABLE  I. 
TABLE  SHOWING  OBSERVED  AND  COMPUTED  DEFI^CTIONS  OP  SLAB  CORNERS  ADJACENT  TO  JOINTS 


No. 


Sect-ion 
Thick 


Kind 


Oct.  Night  Obs.  Deflection  Oct. 

Load      Load       %  Load       Total  Load 

on  on  Carried       Move-  on 

Near         Far  Across     ment  of  Near 

Side        Side  Joint       Corners  Side 


Day   Obs.  Deflection 
Load  %  Load       Total 
on     Carried      Move- 
Far    Across      ment  of 
Side      Joint      Corners 


Inc.       Dec. 
%  Dist.  Total  Computed. Equal  Deflections  for  Both 

Day     Move.  Slabs  at  Joint 

&       Day&  Rear  Wheel  Front  Wheel 

Night    Night    Night       Day       Difl.      Night      Day        Diff. 


40 
40 

9  In. 
9  in. 

Cone. 
Cone. 

.081 
.066 

.024 
.012 

13.0 
26.0 

40 
39 

9  in. 
Sin. 

Cone. 
Mono. 

.041 
.040 

.040 
.039 

49.0 
49.0 

42 
43 

gin. 
7  in. 

Cone. 
Cone. 

.078 
.050 

.037 
.030 

43.0 
26.0 

63B 
63A 

7  in. 
7  in. 

Cone. 
Cone. 

.075 
.070 

.026 
.015 

15.0 
29.0 

44 

45 

7  in. 
6  in. 

Cone. 
Cone. 

.094 
.106 

.004 
.009 

11.0 
5.0 

38 
37 

7  in. 
6  in. 

Mono. 
Mono. 

.045 
.045 

.045 
.045 

50.0 
50.0 

48 
47 

6  in. 
6  In. 

Cone. 
Cone. 

.085 
.092 

.035 
.060 

47.0 
20.0 

51 
50 

6  in. 
6  in. 

Cone. 
Cone. 

.114 
.105 

.095 
.063 

20.0 
33.0 

52 
51 

6  in. 
6  in. 

Cone. 
Cone. 

.094 
.101 

.053 
.027 

15.0 
46.0 

.111 


.002 


.061 


.104 


.187 


.00 


.082 


.061 


.115 


040 
042 

.019 
.021 

35.0 
30.0 

.042 

22.0 
4.0 

.069 

035 
035 

.035 
.035 

50.0 
50.0 

.0 

1.0 
1.0 

.002 

030 
030 

.030 
.030 

50.0 
50.0 

.0 

7.0 
24.0 

.061 

055 
,047 

.026 
.014 

18.0 
38.0 

.062 

3.0 
9.0 

.042 

060 
076 

.011 
.016 

18.0 
15.0 

.109 

7.0 
10.0 

.079 

037 
,037 

.037 
.037 

50.0 
50.0 

.00 

0.0 
0.0 

.00 

,048 
044 

.043 
.038 

41.0 
46.0 

.011 

6.0 
26.0 

.071 

076 
079 

.059 
.050 

28.0 
44.0 

.046 

8.0 
11.0 

.015 

086 
073 

.050 
.008 

49.0 
46.0 

.101 

35.0 
0.0 

.012 

.046  .031  .015  .016  .008  .008 

.040  .035  .005  .009  .006  .003 

.047  .030  .017  .011  .007  .004 

.046  .038  .008  .016  .008  .008 

.057  .040  .017  .016  .007  .009 

.045  .037  .008  .012  .008  .004 

.070  .044  .026  .025  .011  .014 

.098  .066  .432  .028  .018  .010 

.078  .057  .031  .024  .015  .009 


NOTE: — Equal  deflections  of  both  corners  at  Joints  indicates 

tance  between  subgrade  and  surface  at  right  was  con- 
siderably greater  than  in  daytime.  Also,  for  secur- 
ing contact  under  the  cell  in  section  No.  51  in  October, 
a  corner  deflection  of  .037  in.  was  required  at  night 
and  but  .010  in.  at  noon,  and  in  August,  .014  in.  wa.s 
required  at  night  and  but  .005  in.  in  the  daytime,  in- 
dictating  again  the  difference  in  separation  between  day 
and  night. 

The  greatest  pressures  were  observed  under  Section 
No.  5,  cell  29,  (8-in.  macadam  base,  2-in.  mastic  cush- 
ion, bituminous  filled  3-in.  lugless  brick  top).  As 
could  be  expected,  pressures  were  indicated  without 
load  as  well  as  with  load.  The  maximum  under  load 
Avas  18.2,  26.6  and  28  lb.  per  sq.  in.,  being  about  five 
times  as  great  as  any  pressures  observed  under  the 
rigid  type  of  pavement.  Also,  the  distance  through 
which  the  load  was  distributed  in  this  case  differed 
from  all  the  others,  being  but  4  ft.,  while,  as  noted 
before,  with  the  rigid  tyijes,  this  distance  ranged  from 
16  to  26  ft.  The  increase  in  pressure  of  16.5  lb.  per 
sq.  in.  in  October  was  caused  by  a  surface  deflection 
of  .147  in.,  while  the  increase  of  26.2  lb.  per  sq.  in. 
in  August  was  accompanied  by  deflection  of  .287  in. 
These  deflections  observed  on  the  surface  at  the  side 


perfect  contact  or  50%  distribution. 

after  initial  pressure  had  been  applied,  the  soil  had 
a  definite  bearing  value. 

A  very  interesting  condition  of  support  was  found 
under  section  No.  42  in  which  the  cells  Nos.  9,  10,  11, 
12  and  13  were  placed  respectively  18  in.  from  the 
south  side,  4J/^  ft.  from  the  south  side,  in  the  center, 
414  ft.  from  the  north  side  and  18  in.  from  the  north 
side.  Without  load  at  night,  support  was  indicated 
only  under  the  quarter  point  on  the  south  side  and 
the  18  in.  point  on  the  north  side ;  during  the  day,  in 
addition  to  the  above  locations,  slight  support  was  in- 
dicated also  at  the  center.  Under  load  there  was  no 
support  indicated  either  for  the  18-in.  point  on  the 
south  side  or  the  quarter  point  on  the  north  side,  but 
on  the  18  in.  point  on  the  north  side  about  5  lb.  was 
shown;  on  the  quarter  point  on  the  south  side,  about 
3  lb. ;  and  only  .6  lb.  in  the  center.  With  support  of 
this  kind,  the  cracking  of  a  pavement  under  load  can 
easily  be  understood.  In  every  case,  the  pressure 
shown  by  cell  11  in  the  center  was  greater  in  the 
daytime  than  at  night,  thus  indicating  greater  deflec- 
tion at  the  former  time.  Since,  from  previous  experi- 
ments, it  was  indicated  that  this  condition  of  increased 
center  support  can  occur  only  with  the  presence  of  a 
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longitudinal  crack  or  joint,  an  inspection  of  the  sec- 
tion was  made  and  such  a  crack  was  found. 

Observations  on  slab  No.  42  also  furnish  infonnation 
on  the  relation  between  the  deflection  occurring  at 
different  points  of  the  slab.  The  greatest  deflection 
noticed  in  the  center  of  the  slab  was    OOC   in.;  tliat 


less  than  tliat  on  an  8-in.  concrete,  while  the  corre- 
sponding pressure  on  the  former  was  about  five  times 
as  great  as  on  the  latter,  indicating  that  a  soil  of  much 
higher  supporting  value  is  required  for  a  pavement 
on  an  8  in.  rolled  stone  base  than  is  required  for  an 
8  in.  rigid  type  of  pavement.     The  pressure  exerted 


TABLE   n 
PRESSURES  OBSERVED  UNDER  VARIOUS  PAVEMENT   SECTIONS 

Without  Load  7150  Wilieel  Load  Maximum 

Section  Cell  October         August        April       October  August      April      Observed 

No.      Thick         Kind         No.      Location        Night    Day    Night    Day    Day    Night    Day    Night    Day    Day    Without  Load 


40 

Sin. 

Cone. 

8 

Comer 

0 

0 

0 

0 

1.1 

0 

0 

.2 

.6 

2.7 

0.8 

4S 

Sin. 

Cone. 

14 

Comer 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0* 

0 

44 

Tin. 

Cone. 

16 

Comer 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.2 

0.4 

63B 

7  in. 

Cone. 

25 

Comer 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

47 

6  in. 

Cone. 

IT 

Comer 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.1 

51 

6  in. 

Cone. 

18 

Comer 

0 

0 

0 

0 

0 

1.9 

2.2 

1.4 

.2 

0 

0 

52 

6  in. 

Cone. 
Semi- 

19 

Comer 

0 

0 

0 

0 

0 

.1 

.1 

.1 

.1 

1.3 

.4 

31 

Sin. 

Mono. 

1 

Comer 

0 

.1 

0 

.3 

0 

3.9 

3.8 

2.6 

2.7 

0 

.4 

U 

6  in. 

Mono. 

3 

Comer 

0 

0 

0 

0 

0 

0 

0 

0 

1.8 

0 

.5 

37 

6  in. 

Mono. 

5 

Comer 

0 

0 



0 

.1 

2.3 

1.7 



.2 

3.6 

4.5 

39 

Sin. 

Mono. 
Br.  on 

6 

Comer 

0 

0 

— 

— 

1.4 

0 

0 

— 

— 

3.2 

0 

5 

12  in. 

Mac.  B 

29 

Comer 

1.7 

.4 

— 

1.8 

.8 

18.2 

26.6 

— 

28.0 

31.0 

40 

9  in. 

Cone. 

T 

Center 

0 

.1 



.1 

0 

.2 

.7 

— 

.1 

0 

2.1 

42 

Sin. 

Cone. 

9 

South   Side 

0 

0 

0 

0 

0 

0 

.3 

0 

0 

.4 

.7 

10 

S.  »^  Pt. 

1.7 

— 

1.7 

.3 

0 

3.4 

— 

3.0 

2.7 

1.2 

4.2 

11 

Center 

0 

.1 

0 

.3 

0 

.5 

.8 

.6 

1.1 

.5 

1.3 

12 

N.  M  Pt. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.9 

13 

N.  Side 

1.4 

1.8 

— 

2.7 

2.2 

4.9 

4.8 

— 

5.6 

4.9 

8.7 

63B 

Tin. 

Cone. 

26 

S.  %  Pt. 

.9 

0 

— 

.1 

1.8 

.7 

— 

.8 

44 

7  In. 

Cone. 

15 

Center 

1.0 

.7 

.7 

.3 

.5 

1.6 

1.4 

1.7 

1.5 

1.3 

1.6 

52 

6  in. 

Cone. 

20 

Center 

0 

0 



0 

2.0 

1.3 

— 

4.9 

3.1 

5« 

Sin. 

Cone. 

21 

Center      • 

.9 

1.4 

1.9 

2.8 

2.3 

4.5 

4.5 

5.T 

4.8 

4.3 

4.0 

22 

Center    •• 

.1 

.1 

1.9 

2.3 

2.7 

4.6 

4.0 

6.7 

5.6 

5.2 

7.0 

36 

6  in. 

Mono. 

2 

Center 

0 

0 

0 

0 

0 

0 

0 

0 

5.7 

37 

6  In. 

Mono. 

4 

Center 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.8 

•Cell  In  sub-grade  6  in.  below  bottom  of  pavement. 
••Cell  on  sub-grade  at  bottom  of  pavement. 

at  points  18  in.  from  the  sides  of  the  slab,  .020  in.; 
that  at  the  comer,  under  best  conditions  of  contact, 
.040  in.;  and  that  computed  for  corner  without  any 
contact  with  adjacent  slabs,  .080  in.  If  deflection  is 
an  indication  of  stress,  the  corners  apparently  are 
the  least  resistant  parts  of  the  slabs.  The  cell  read- 
ings, taken  on  April  17,  1922,  after  1,600  applications 
of  traffic  load,  indicated  that  support  at  the  corners 
was  slightly  better  than  that  found  before  the  traffic 
was  started. 

General  observations  to  be  made  from  the  foregoing 
results  are: 

1.  That,  after  initial  pressure  has  been  applied,  the 
soil  has  more  or  less  definite  bearing  value,  being 
slightly  greater  than  1  lb.  per  sq.  in.  for  .01  in.  defor- 
mation under  the  Bates  road.  Also,  that  the  support- 
ing value  of  the  soil  apparently  was  less  in  March 
than  in  either  AngTQSt  or  October. 

2.  That  the  support  under  a  rigid  surface  is  ex- 
tremely variable,  indications  being  that  the  surface 
rests  on  small  mounds  of  the  subgrade  and  has  little 
or  no  support  in  other  areas. 

3.  That  the  condition  of  least  support  is  found  un- 
der the  comers  of  sections.  This  support,  however, 
was  improved  by  traffic  action. 

4.  That  the  distance  through  which  the  influence  of 
the  load  was  felt  on  an  8-in.  macadam  base  was  much 


on  the  subgrade  could  be  reduced  by  increasing  the 
thickness  of  the  rolled  stone  base. 

5.  That  the  effect  of  temperature  change  is  very 
noticeable  in  rigid  pavements  causing  both  warping 
and  longitudinal  expansion  and  contraction.  The  ef- 
fect of  this  temperature  change  was  least  in  two  joints, 
one  between  two  monolithic  sections  and  one  between 
a  monolithic  and  a  concrete  section. 

6.  That  the  deflection  of  an  independent  corner  was 
about  13  times,  and  that  of  a  confined  corner,  about 
6J/2  times  that  found  at  the  center  of  the  slab,  indicat- 
ing that  the  comer  is  the  part  of  the  slab  which  most 
deserves  investigation. 

7.  That  neither  the  pressure  nor  the  deflections,  as 
observed  at  corners,  varied  directly  with  the  magni- 
tude of  the  load. 

8.  That  considerable  movement  can  occur  between 
the  edges  of  adjacent  slabs  when  there  is  not  perfect 
contact  between  them,  this  movement  being  the  cause 
possibly  of  shattering  the  edge,  or  feathering  about 
the  joint.  That  this  movement  is  slightly  increased 
by  traffic. 

9.  That,  if  perfect  contact  can  be  secured  between 
adjacent  edges  of  slabs,  all  movements  between  them 
will  be  eliminated;  the  deflections  will  be  lessened  and 
the  effect  of  warping  between  night  and  day  will  be 
considerably  reduced. 
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THE  HIGHWAY  TRAPFIO  ASSOCIATION 

Too  much  importance  can  not  be  attached  to  the 
work  of  the  National  Highway  Traffic  Association 
which  has  just  held  its  annual  meeting  in  New  York 
City.  This  organization  is  unselfishly  carrying  on  a 
work  whicli  is  essential  to  the  development  of  an  ade- 
quate system  of  highways  in  the  United  States  and 
should  be  backed  up  by  everyone  interested  in  higli- 
way  transportation. 

The  condition  of  highway  transport  in  the  coun- 
try at  tliis  time  may  be,  to  a  large  degi'ce,  compared 
to  the  condition  of  railroad  transportation  in  Europe 
to-day.  Especially  in  eastern  Europe,  where  the  pro- 
visions of  the  Versailles  Treaty  created  a  number  of 
independent  countiies  in  the  territory  formerly  gov- 
erned by  the  German  Empire  and  Russia,  the  regula- 
tions governing  transportation  by  rail  are  so  varied 
and  conflicting  that  travel  and  slnpment  of  goods  by 
rail  is  most  uncertain  and  uni-eliable.  With  the  tre- 
mendous strides  in  the  development  o^"  highway  trans- 
port in  this  country,  the  different  regulations  obtain- 
ing in  tlie  various  states  threaten  to  cause  a  like  chaotic 
condition  in  travel  and  shipment  of  commodities  by 
motor. 

There-  is  a  crying  need  for  uniformity  of  methods 
of  construction  and  design,  highway  signs,  traffic,  reg- 
ulations, and  laws  controlling  the  shipment  of  freight 
by  motor  truck  and  it  is  to  that  end  that  the  National 
Highway  Traffic  Association  is  working.  The  associ- 
ation is  composed  of  men  of  broad  experience  in  road 
construction  and  motor  transportation,  men  of  vision 


who  are  able  to  forecast  the  needs  of  the  future,  and 
is  admirably  fitted  to  carry  on  the  work  it  has  be- 
gun. Other  organizations  in  the  same  field,  less  spe- 
cialized in  their  purposes  and  more  local  in  character, 
should  cooperate  with  this  organization  to  the  fullest 
extent. 

ROAD  BUILDING  A  PROCESS 

Theodore  Gary,  Chairman  of  the  Missouri  State 
Highway  Commission,  upon  Ids  return  in  April  from 
a  two  months'  trip  abroad,  made  the  following  state- 
ment in  regard  to  his  investigations  of  road  condi- 
tions in  England  and  on  the  Continent: 

"But  one  thing  I  have  gained  by  my  investigations, 
especially  in  England,  and  that  is  corroboration  of  my 
contention  that  road  building  is  a  process.  The  road 
must  be  built  up  and  maintained  and  I  am  going  to 
convince  the  people  of  Missouri  of  this.  Lay  the 
foundation  for  a  good  road.  Open  the  road  and  use 
it.  Then  surface  it.  The  usage  to  which  it  has  been 
put  has  packed  and  knit  the  material  so  firmly  that 
you  know  you  have  a  permanent  foundation  that  will 
stand  up  for  all  time." 

Few  road  builders  would  fail  to  agree  with  the 
general  correctness  of  Mr.  Gary's  contention  that  it 
would  be  ideal  to  construct  roads  a  layer  at  a  time 
over  a  period  of  years  and  the  traffic  on  the  roads  of 
Missouri  may  be  such  that  the  method,  which  he  de- 
scribes, would  be  feasible  there,  but,  in  many  states 
of  dense  population  and  heavy  traffic  highways,  there 
is  not  time  for  it.  The  development  of  motor  trans- 
port will  not  wait  for  the  road  builder.  It  is  already 
ahead  of  the  development  of  road  construction  and 
the  highway  engineer  faces  the  necessity  of  design- 
ing a  type  of  road  which  will  stand  up  under  the 
pounding  of  the  heavy  motor  trucks,  and  that  right 
quickly. 

The  proposition  to  build  a  foundation  road  and 
allow  it  to  be  used  and  beaten  down  before  it  is  sur- 
faced will  do  for  secondary  roads  but,  for  trunk  lines, 
it  does  not  seem  to  fill  the  bill.  The  foundation  road 
would  not  carry  the  heavy  traffic  without  consider- 
abe  damage,  the  construction  at  two  different  periods 
would  increase  the  expense,  and  the  road  would  have 
to  be  closed  a  second  time  during  the  surfacing.  There 
is  not  time  for  such  a  method  of  construction. 


PROPOSE  FEDERAL  AUTOMOBILE  TAX 

A  bill  has  been  introduced  in  Congress  by  Repre- 
sentative Mills  of  New  York  which  requires  that  every 
automobile  be  stamped  with  a  federal  registration  num- 
ber at  a  cost  of  $2  to  the  owner.  The  measure  is  de- 
signed to  cut  down  the  number  of  motor  car  thefts, 
not  as  a  revenue  getter,  but  it  would  produce  approxi- 
mately $26,000,000  the  first  year  and  $6,000,000  each 
succeeding  year.  At  a  hearing  before  the  House  of 
Ways  and  Means  Committee,  prosecuting  attorneys 
sponsored  the  bill  and  representatives  of  the  state  au- 
tomobile ass"ociations  appeared  in  opposition. 
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Illinois  Prepares  New  Road  Oil  Specifications 


By  H.  F.  CJLEMMERt 


The  ever  increasing  use  of  road  oils  in  the  State  of 
Illinois  has  prompted  a  considerable  amount  of  lab- 
oratory investigation  and  practical  research,  the  re- 
sults of  which  have  done  much  to  enable  the  highway 
department  to  prepare  its  new  set  of  road  oil  specifi- 
cations. As  a  great  many  factors  have  bearing  upon 
the  satisfactory  use  of  these  oils,  specifications  cover- 
ing the  quality  of  the  material  have  in  the  past  been 
only  a  means  of  rejecting  the  poorest  of  grades.  The 
present  specifications  are  expected  to  do  considerable 
in  bringing  about  the  oiling  of  roads  to  a  better  ad- 
vantage in  so  far  as  economy  and  service  are  con- 
cerned. 

The  oiling  of  roads  in  this  state  has  past  the  em- 
bryonic stage  where  the  expense  and  results  are  not 
to  be  considered.  In  1921  there  were  7,000  mi.  of  roads 
oiled  in  Dlinois  at  a  total  cost  of  approximately  $1,- 
500,000.  Over  25,000,000  gallons  of  road  oil  was  used 
in  this  work.  The  cost  of  this  material  amounted  to 
about  5  ct.  per  gallon  delivered  with  the  cost  of  ap- 
plication amounting  to  1  ct.  per  gallon.  The  average 
co.st  of  oiling  a  mile  of  road  in  1921  ran  beween 
$200  and  $250. 

Increasing  public  interest  in  oiled  roads  has  created 
a  demand  for  more  information  relative  to  the  best 
methods  of  applying  oil,  the  comparative  merits  of 
different  kinds  of  oil,  and  the  types  of  oil  to  be  used 
on  various  kinds  of  soils.  The  great  lack  of  uniform- 
ity in  applying  oil  to  roads  has  been  the  subject  of 
considerable  discussion  for  some  time  and  investiga- 
tions in  this  as  well  as  other  problems  relating  to  the 
use  of  oil  are  wanted.  The  Illinois  Highway  Division 
has  recognized  this  want  and  has  made  considerable 
progress  in  the  investigational  field.  A  far  greater 
number  of  experiments  are  now  being  planned  and 
will  be  executed  within  a  short  time.  The  University 
of  Illinois  has  also  come  to  the  same  conclusions  and 
consequently  are  planning  extensive  investigations  in 
road  oils.  Under  the  direction  of  the  Engineering  Ex- 
periment Station  a  12-mi  experimental  road  is  now 
being  constructed  upon  which  various  problems  attend- 
ing the  oiling  of  roads  will  be  taken  up. 

During  the  past  few  years,  the  Laboratory  of  the 
Division  of  Highways  has  tested  several  thousand 
samples  of  road  oil  and  has  collected  much  valuable  in- 
formation regarding  the  quality  of  oils  from  various 
sources  and  results  obtained  from  their  use  under  va- 
rious conditions  existing  in  Illinois.  The  activities  of 
the  laboratory  through  its  testing  and  work  in  pre- 
paring specifications  has  had  the  result  of  gradually 
improving,  both  in  respect  to  uniformity  and  quality, 
the  oils  which  are  being  used  in  this  state.  The  most 
noteworthy  feature  of  present  road  oil  practice  in  II- 
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linois  is  the  tendency  toward  the  use  of  heavier  oils. 
A  few  years  ago  practically  all  oil  used  contained  be- 
tween 40  and  50%  asphaltum,  heavy  oils  being  con- 
sidered unsafe  or  unsatisfactory  to  use.  Figures  com- 
piled by  the  laboratory  show  during  1921  that  70% 
of  all  oil  used  in  the  state  was  purchased  to  contain 
50  to  60%  asphaltum,  16.5%  to  contain  more  than  60% 
a.sphaltum,  and  only  13%  to  contain  less  than  50%. 
Recognizing  this  condition,  the  laboratory  has  pre- 
pared the  following  specifications  and  it  is  probable 
that  practically  all  oil  purchased  in  the  state  during 
this  season  will  bo  purchased  under  these  or  very  sim- 
ilar specifications. 

Specifications  for  Oil  for  Earth  Roads 

Specifications  E-1 

(These  specifications  admit  Mexican  and  similar  as- 

phaltic  base  petroleum  residuums.     Semi-asphaltic  base 

petroleum  when  refined  by  certain  processes  may  yield 

residuum  meeting  with  these  specifications.) 

1.  The  road  oil  .shall  be  homogeneous  and  free  from 
water.     It  shall  meet  the  following  requirements: 

2.  Speeifie  gravity  25°/25°C.    (77°/77°F.),  not  less 
than  0.930. 

3.  Specific  viscosity  at  40°C.   (104°F.),  25.0  to  75.0 

4.  Loss  at  163°C.  (325°P.),  5  hours,  not  more  than 
25%. 

5.  Total  bitumen,  not  less  than  99.5%. 

6.  Per  cent,  of  total  bitumen  insoluble  in  85/B.  naph- 
tha, 7.0  to  18.0. 

7.  Plash  point,  not  less  than  60°C.   (170°F.). 

8.  Per  cent,  of  residue  at  100  penetration,  50  to  60. 

Specifications  E-2 
(These  si>ecifications  admit  petroleum  residuum  re- 
fined froin  petroleum  from  Texas,  Louisiana,  Oklahoma, 
Kan.sas,  Illinois,  and  other  semi-asphaltic  petroleums. 
Oils  meeting  the  requirements  of  specifications  E-1  will 
be  acceptable  under  specifications  E-2.) 

1.  The  road  oil  shall  be  homogeneous  and  free  from 
water.     It  shall  meet  the  following  requirements: 

2.  Specific  gravity  at  25V25°C.  (77V77°F.),  not  less 
than  0.900. 

3.  Specific  viscosity  at  40°C.  (104°F.),  25.0  to  75.0 

4.  Total  bitumen   (solubility  in  carbon  disulphide), 
not  less  than  99.5%. 

5.  Per  cent,  of  residue  at  100  penetration,  50  to  60. 

6.  Flash  point,  not  less  than  80°C.  (175°F.). 

Specifications  E-3 
(These  specifications  admit  either  asphaltie  base  or 
semi-asphaltic  base  petroleum  residuums  of  a  heavier 
grade  than  covered  by  specifications  E-1  and  E-2.) 

1.  The  road  oil  shall  be  homogeneous  and  free  from 
water.     It  shall  conform  to  the  following  requirements: 

2.  Specific  gravity  25°/25°C.   (77°/77°F.),  not  less 
than  0.930. 
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3.  Specific  viscosity  at  100°C.  (212°F.),  2.0  to  6.0. 

4.  Total  bitumen,  not  less  than  99.5%. 

5.  Per  cent,  of  residue  at  100  penetration,  60  to  70. 
Tests  of  the  physical  and  chemical  properties  of  the 

road  oil  shall  be  made  in  accordance  with  the  follow 
ing  methods: 

1.  Specific  gravity — U.  S.  Dept.  of  Agriculture,  Bul- 
letin 949,  Test  No.  19,  p.  36. 

2.  Specific  viscosity— U.  S.  Dept.  of  Agriculture,  Bul- 
letin 949,  Test  No.  27,  p.  44. 

3.  Loss  on  heating— A.  S.  T.  M.  Standards,  1921, 
Serial  Designation  D6-20,  p.  731. 

4.  Total  bitumen  (solubility  in  carbon  disulphide) — 
U.  S.  Dept.  of  Agriculture,  Bulletin  949,  Test  No.  20, 
p.  38. 

5.  Naphtha  solubility— U.  S.  Dept.  of  Agriculture  Bul- 
letin 949,  Test  No.  22,  p.  40. 

6.  Flash  point— U.  S.  Dept.  of  Agriculture,  Bulletin 
949,  Test  No.  24,  p.  42. 

7.  Percentage  of  solid  residue  of  100  penetration— 
V.  S.  Dept.  of  Agriculture,  Bulletin  949,  Test  No.  28, 
p.  45. 

Specifications  E-1  and  E-2  may  be  considered  as  al- 
ternate specifications  covering  oil  for  cold  application 
or  which  would  require  only  slight  heating.  Specifica- 
tions E-3  admit  oil  of  a  somewhat  heavier  grade  than 
covered  by  the  E-1  and  E-2  specifications.  This  grade 
Is  best  suited  for  hot  application  on  soils  of  a  some- 
what sandy  nature  or  on  roads  which  have  been  previ- 
ously treated  with  a  lighter  oil. 


TO  ORGANIZE  AMERICAN 

CONSTRUCTION  COUNCIL 

As  an  outgrowth  of  the  conference  of  the  Federation 
of  Construction  Industries  held  in  Chicago  in  April,  a 
meeting  will  be  held  in  Washington,  D.  C,  June  19 
and  20  to  complete  the  formal  organization  of  the 
American  Construction  Council.  This  organization  will 
biing  together  for  betterment  of  understanding  and 
common  action  architects,  engineers,  general  con- 
tractors, sub-contractors,  construction  labor,  labor 
contractors,  materials  and  equipment  manufacturers 
and  dealers,  bond,  insurance  and  real  estate  interests; 
all  the  elements  connected  with  construction  work  of 
any  description.  It  has  for  its  purpose  the  coordination 
of  the  work  of  the  250  national  associations  in  the  in- 
dustry so  that  there  may  be  the  elimination  of  duplica- 
tion and  more  resultful  work.  With  the  broader 
viewpoint  of  this  all-embracing  organization  to  work 
out  the  problems  common  to  the  as,sociations,  there  is 
opportunity  for  tremendous  waste  elimuiation  and  bet- 
ter homes,  public  buildings,  highways,  railroads,  etc. 
for  the  public  in  proportion  to  their  expenditure. 

Secretary  of  Commerce  Hoover  will  preside  at  the 
meeting  and  Franklin  D.  Roosevelt,  former  Assistant 
Secretary  of  the  Navy,  has  agreed  to  accept  the  presi- 
dency of  the  organization. 


TO  MAKE  REPORT  ON  GOOD  ROADS 

The  joint  congressional  commission  of  agriculture, 
which  has  been  giving  much  attention  to  the  subject  of 
federal  aid  highways,  is  about  ready  to  make  a  report 
in  which  it  will  urge  congress  to  continue  its  support 
of  the  good  roads  movement. 

The  commission  says  that  it  will  require  heavy  ex- 
penditures if  the  2,500,000  mi.  of  highways  in  the 
United  States  are  to  be  brought  up  to  a  standard  of 
efficiency  comparable  to  their  extended  use  in  motor 
transportation. 

The  commission  will  also  ask  that  highway  construc- 
tion and  maintenance  be  directed  to  more  effective  cor- 
relation of  highway  transportation  with  railroad  and 
water  transportation,  and  that  states  and  counties  also 
continue  their  highway  programs  with  particular  refer- 
ence to  farm-to-market  roads. 

The  necessity  of  co-operation  among  the  states  to 
effect  a  uniform  basis  for  taxing  motor  trucks  and  other 
motor  vehicles,  fairly  to  represent  the  proportion  of 
highway  expense  chargeable  to  such  vehicles,  will  be 
urged  by  the  commission,  it  was  said,  as  well  as  the 
need  for  uniform  regulation  of  motor  traffic. 

Chairman  Anderson,  head  of  the  joint  commission, 
said  that  it  is  already  clear  that  there  is  a  wide  varia- 
tion in  principle  and  application  of  the  various  state 
and  local  regulations  affecting  intrastate  traffic. 
Studies  of  local  motor  transportation  should  be  ex- 
panded as  rapidly  as  possible  to  afford  a  definite  basis 
for  uniform  regulation  of  motor  transportation  in  order 
til  at  the  inconvenience,  expense  and  inefficiency  of 
operation  occasioned  by  a  lack  of  uniformity  in  state 
and  federal  legislation  in  the  future  may  as  far  as 
possible  be  avoided. 

The  importance  of  motor  transportation  to  the  fanner 
was  found  not  only  to  have  been  its  effect  in  extend- 
ing and  broadening  his  markets,  it  was  said,  but  in 
the  sharply  reduced  cost  of  moving  his  produce  to 
market.  This  was  illustrated  in  the  commission's  esti- 
mate that  in  1918  the  cost  of  wagon  haulage  from  farm 
to  shipping  point  averaged  about  30  ct.  a  ton  mile  for 
wheat,  33  ct.  for  corn  and  48  ct.  for  cotton,  while  by 
motor  truck  or  tractor  the  averages  were  15  ct.  for 
wheat  and  corn  and  18  ct.  for  cotton. 


HARD  SURFACE  ROADS  IN  MISSOURI 

A  recent  compilation  by  the  State  Highway  Depart- 
ment of  Missouri  of  the  records  from  the  various  coun- 
ties of  the  state  shows  that  there  are  4,207  mi.  of  hard 
surface  roads  in  Missouri.  Of  this  mileage,  3,898  mi. 
arc  gravel  macadam,  175  mi.  are  bituminous  macadam, 
and  134  mi.  are  concrete  and  brick. 


The  Lincoln  Highway  Association  has  just  published 
and  is  mailing  to  all  of  its  members,  as  well  as  to  the 
American  press  and  all  highway  officials,  a  handsome 
illustrated  booklet,  entitled,  "The  Lincoln  Highway, 
Its  Eighth  Year  of  Progress." 
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AMERICAN  ROAD  BUnJ)ERS'  ASSOCIATIOV.  Proceed- 
ings of  the  Twelfth  American  Good  Roads  Congress. 
Paper,  6x9  in.,  273  pages.  Illustrated.  Edited  by 
Clifford  Superior  Lee.  Published  by  the  association. 
New  York,  N.  Y. 

This  volume  contains  the  papers  presented  at  th-j 
congress  of  the  American  Road  Builders'  Association 
held  in  Chicago,  111.,  last  January,  together  with  dis- 
cussions of  them.  A  large  and  comprehensive  num- 
ber of  subjects  are  taken  up  by  prominent  men  in  the 
road  field.  The  proceedings  of  the  nineteenth  annual 
convention  and  of  the  annual  business  meeting  are 
also  included  in  this  volume.  JIany  of  the  papers  are 
illustrated  with  photographs  and  charts. 

A  superficial  examination  of  this  volume  startles  a 
technical  man,  who  is  accustomed  to  accuracy  in  ev- 
ery detail.  The  editing  of  technical  works  requires  a 
knowledge  of  English,  an  understanding  of  the  sub- 
ject and  editorial  ability.  A  glance  at  this  volume 
shows  lack  of  these  qualifications  in  its  editor. 

On  the  cover  we  find  that  this  volume  is  the  "Offi- 
cial Proceedings  of  the  Twelfth  American  Good  Roads 
Congress,  Nineteenth  Annual  Convention  and  Annual 
Business  Meeting  of  the  American  Road  Builders'  As- 
sociation." From  the  index  we  find  that  the  proceed- 
ings of  the  congress  start  on  page  one  and  the  proceed- 
ings of  the  convention  start  on  page  251.  Yet  through- 
out the  book  we  find  tbe  running  head  on  eacli  odd- 
numbered  page,  "Convention  Proceedings." 

On  the  title  page  we  find  the  remarkable  statement, 
"Official  Proceedings  of  the  Twelfth  American  Good 
Roads  Congress,  Nineteenth  Convention  and  Annual 
Business  Meeting  of  the  American  Road  Builders'  As- 
sociation, held  at  Chicago,  111.,  January  17,  18,  19  and 
20  1922.  and  at  Now  York  City,  November  15,  1921> 
respectively. ' ' 

The  invocation  on  page  one  starts,  "Please  stand. 
O  Lord,  our  God,  we  know  that  all  our  work  should  be 
begun."  On  page  13  we  find  a  speaker  saying,  "In 
the  absence  of  the  principal  speaker  that  we  expected 
to  have  here  today,  j^our  President  has  prepared  a 
short  paper."  Other  instances  of  this  nature  can  be 
found  tliroughout  the  book. 

The  customary  abbreviations  used  in  engineering  lit- 
erature are  entirely  absent  in  tiiis  book.  Miles,  .square 
yards,  pounds,  etc.,  are  invariably  spelled  out.  For 
example,  on  page  178  we  find  "one-fourth  of  an  inch," 
instead  of  the  simpler  form,  l^  in.  All  numbers,  no 
matter  how  large,  are  spelled  out.  On  page  205  we 
find  "two  thousand,  five  hundred  and  fifty-two,"  in- 
stead of  2,552.  Even  the  daily  papers  use  numerals 
for  numbers  for  numbers  larger  than  100.  Cuts  are 
referred  to  as  "plates." 

An    amazing   display    of  ignorance    of   elementary 
mathematics  is  found  in  the  derivation  of  the  formula 


appearing  on  page  192.  We  find  that  a  radical  sign 
is  thrown  over  one  side  of  an  equation  without  any 
effect  upon  the  other  side.  Any  high  school  boy  knows 
that  such  a  thing  is  impossible.  The  inclusion  of  sucli 
a  glaringly  incorrect  algebraic  problem  in  the  official 
permanent  records  of  the  association  is  very  unfor- 
tunate. 


TEXAS  OBJECTS  TO  DUNN  BILL 

The  provision  of  the  Dunn  bill,  now  before  Congress, 
which  extends  to  five  years  the  three  year  period 
granted  in  the  original  Federal  Aid  Act  of  1921  for 
clianging  their  constitution  to  permit  them  to  comply 
with  the  terms  of  the  act,  does  not  meet  with  the  ap- 
proval of  the  highway  commissioner  and  highway  en- 
gineer of  Teaxs.  In  a  letter  to  all  congressmen  and 
senators  from  Texas,  they  state  that  such  a  change  in 
the  constitution  of  the  state  is  vital  at  this  time  and 
that  any  further  delay  will  only  make  matters  worse. 

Under  the  present  laws,  the  State  Highway  Depart- 
ment does  not  have  sufficient  funds  to  match  the  fed- 
ei-al  aid  dollar  for  dollar  and  has  to  depend  on  county 
bond  i.ssuos  for  that  purpose.  Under  that  system, 
tnink  line  I'oads  vary  in  type  as  they  run  from  one 
county  into  another  and  frequently  a  county  will  vote 
no  bond  issue  and  an  unimproved  gap  will  be  left. 
Of  tile  2,055  mi.  of  completed  highways  in  the  state, 
scarcely  100  mi.  are  in  any  one  continuous  stretch 
and  very  little  of  the  completed  road  is  being  main- 
tained. 

Therefore,  tlie  highway  commission  feels  that  a 
change  in  the  law  should  be  made  at  once,  that  tlie 
thi'ce  year  provision  will  aid  the  promoters  of  good 
roads  in  influencing  the  legislature  of  next  year  to 
take  such  action,  and  that  the  proposed  extension  of 
the  period  of  grace  to  five  years  would  only  defer  ac- 
tion which  should  be  taken  now. 


WOULD  VOTE  BOND  ISSUE  IN  VIRGINIA 

The  Virginia  Good  Roads  Association  is  sponsor  for 
a  statewide  movement  calling  for  a  special  session  of 
the  legislature  for  the  purpose  of  pasing  a  $12,000,- 
000  bond  issue  for  state  higliway  construction.  The 
extra  session  would  also  be  asked  to  pass  a  law  plac- 
ing a  tax  on  gasolene  to  take  care  of  the  interest  and 
retiring  of  the  bonds.  This  sum  is  to  pay  for  the  road 
building  program  for  the  next  two  years. 


The  Illinois  State  Highway  Department  has  inaug- 
urated a  new  system  of  inspection  of  road  construc- 
tion to  insure  the  correct  execution  of  contracts.  State 
engineers  will  be  detailed  to  every  job  and,  in  addition, 
traveling  inspectors  will  visit  the  work  from  time  to 
time  without  announcing  their  coming. 

The  Paving  Commission  of  Baltimore,  Md.,  has  a- 

vailal)le  for  new  street  paving  in  1922,  .$2,500,000. 
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MEETINGS 


Calendar  of  Coming  Meetings 

May  26-27  —  Dixie  Highway  Association  —  Annual 
convention,  Jacksonville,  Fla.  Secretary,  M.  B.  Rob- 
erts, 302  First  National  Bank  Bldg.,  Chattanooga,  Tenn. 

June  4-6 — ^American  Association  of  Engineers — An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary, 
C  E.  Drayer,  Chicago,  111. 

June  12-15 — Canadian  Good  Roads  Association — 
Ninth  annual  convention,  Victoria,  B.  C.  Secretary- 
treasurer,  George  A.  McNamee,  Birks  Bldg.,  Montreal, 
Canada. 

June  26-July  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineeis'  Club  Bldg.,  Phila- 
delphia, Pa. 

Aug.  9-10 — Ctister  Battlefield  Highway  Association 

— Annual  meeting,  Sheridan,  Wyo.     Secretary,  W.  D. 
Fisher,  Sheridan,  Wyo. 

Oct.  9-13 — American  Society  for  Municipal  Improve- 
ments— Annual  convention,  Cleveland,  0.  Secretary, 
Charles  Carroll  Brown,  St.  Petersburg,  Fla. 


I 


NATIONAL  HIGHWAY  TRAFFIC 

ASSOCIATION  HOLDS  MEETING 

Committee  reports  on  questions  of  vital  importance 
in  relation  to  highway  transport  and  interesting  dis- 
cussions thereof  by  members  and  guests  marked  two 
lively  sessions  of  the  annual  meeting  of  the  National 
Higlnvay  Traffic  Association  which  was  held  in  the 
assembly  hall  of  the  Automobile  Club  of  America  in 
New  York  City,  Friday.  May  12. 

The  afternoon  session  opened  with  the  report  of 
tlio  National  Comh.ittee  on  Uniloi-m  Highway  Signs 
which  was  read  by  Elmer  Thompson,  chairman  of  the 
committee  and  seci'Ctary  of  the  association.  Mr.  0. 
M.  Wells  of  the  Automobile  Club  of  America  explained 
a  system  of  marking  the  highways  of  the  country,  ad- 
vocated by  that  body,  by  doing  away  with  existing 
signs  of  various  types  and  substituting  standard  signs 
which  would  bear  numbers  for  each  highway  corre- 
sponding to  niuiibcMs  on  the  road  maps.  The  coun- 
try has  been  divided  into  zones  for  the  systematic 
development  of  uniform  higliway  signs  and  the  New 
England  states,  as  the  first  zone,  have  already  adopted 
tills  system.  The  meeting  passed  a  resolution  in  fa- 
vor of  the  adoption  of  the  plan,  as  outlined,  by  all 
state   highway  departments. 

The  i-eport  of  the  National  Committee  on  Traffic 
Capacity  and  Widths  of  Highways  Outside  of  Muni- 
cipalities was  read   by  President    Artluir  H.   Blaneh- 


ard  and  precipitated  a  spirited  discussion  as  to  safe 
widths  of  heavy  traffic  roads.  The  report  was  a 
progress  report  and  was  voted  received  by  the  mem- 
bers. 

Ten  recommendations  for  standard  practice  were 
made  to  the  association  in  the  report  of  the  National 
Committee  on  Status  of  the  Consti'uction  of  Highway 
Curves  and  Recommended  Practice  to  Increase  the 
Safety  of  Traffic  which  was  presented  by  Chairman 
H.  Eltinge  Breed,  consulting  liighway  engineer  of 
New  York  City.  The  report  recommended  certain 
standards  for  widening  curves  in  proportion  to  the 
degree  of  curvature,  a  minimum  radius  of  300  ft., 
danger  signs  500  ft.  from  each  end  of  dangerous 
curves  both  vertical  and  horizontal,  a  painted  line  in 
center  line  of  road  on  both  horizontal  and  vertical 
curves,  definite  proposals  for  adequate  shoulders  and 
guard  rail  protection,  the  elimination  of  all  adver- 
tising and  other  signs  and  obstructions  from  the  high- 
ways, a  definite  appropriation  annually  by  each  high- 
way department  and  a  comprehensive  plan  for  the 
elimination  of  dangerous  grade  crossings,  and  the 
passage  of  laws  to  make  passing  another  motor  vehi- 
cle going  in  the  same  direction  on  a  curve,  either  hori- 
zontal or  vertical,  where  tlie  unobstructed  vision  is 
less  than  500  ft.,  a  misdemeanor.  These  recommenda- 
tions were  adopted  by  unanimous  vote  to  be  referred 
and   recommended  to  the  board  of  directors. 

After  the  reports  of  the  Executive  Committee,  the 
Treasurer,  the  Secretary,  and  the  Board  of  Directors, 
had  been  presented,  the  session  closed  and  dinner  was 
served  to  the  members  and  their  guests. 

To  open  the  evening  session.  Chairman  David  Bee- 
croft  introduced  Colonel  Arthur  Woods,  President  of 
the  Automobile  Club  of  America,  who  delivered  the 
address  of  welcome.  Colonel  Woods  spoke  of  the  im- 
portance of  the  work  being  done  by  the  National 
Highway  Traffic  Association  and  the  opportunity  af- 
forded them  at  this  time  to  work  out  a  comprehen- 
sive plan  for  the  development  of  the  country's  high- 
\rays  during  the  next  fifty  years  so  that  all  work 
could  be  done  according  to  that  plan  and  no  effort 
wasted. 

The  response  to  the  address  of  welcome  was  made 
by  the  president  of  the  National  Highway  Traffic  As- 
sociation, Arthur  H.  Blanchard.  After  thanking  Col- 
onel Woods  for  his  courtesy  and  tlie  Automobile  Club 
for  their  hospitality,  Mr.  Blanchard  delivered  a  short 
address  on,  "The  Railroads  as  an  Operator  of  High- 
way Transport."  The  report  of  the  National  Com- 
mittee on  Regulations  Covering  Speeds,  Weights  and 
Dimensions  of  Motor  Trucks  and  Trailers  followed. 
Tlie  committee   recommened  the   following  maximum 
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dimensions  for  motor  trucks;  length  30  ft.,  width  96 
in.,  heighth  12  ft.  6  in.  and  no  maximum  weights  for 
solid  tire  trucks  of  800  lb.  per  in.  width  of  tire  and 
2,200  lb.  axle  loading.  The  report  also  set  speeds  for 
motor  trucks  from  15  to  25  mi.  per  hour,  the  speed 
varying  according  to  the  gross  weight  of  the  truck 
and  also  according  to  whether  it  is  being  operated 
in  the  city,  or  in  the  country.  The  discussion  on  this 
report  was  spirited  and  showed  the  great  variance  of 
opinion  on  the  subject  of  limiting  the  size  and  weight 
of  trucks  between  the  road  engineers  and  officials  on 
the  one  hand  and  the  motor  truck  operators  on  the 
other.    The  report  was  finally  adopted  by  the  meeting. 

The  chairman  next  introduced  a  speaker  who  was 
not  on  the  program  in  the  person  of  Dr.  "W.  K.  Hatt, 
Director  of  the  Advisoi-y  Board  on  Higliway  Research, 
National  Research  Council.  Di-.  Hatt  spoke  briefly 
on  "Research  in  Highway  Transport,"  and  brought 
out  as  the  burden  of  his  talk  that  the  time  when  the 
promotion  work  of  the  road  enthusiast  was  sufficient 
is  past  and  that  what  is  needed  no  wis  research,  expei'i- 
mentation  and  the  consequent  working  out  of  prob- 
lems by  scientists. 

The  remaining  reports  were  progress  reports  which 
recommended  no  definite  steps  for  adoption  by  the 
meeting.  The  report  of  the  National  Commiftee  on 
Highway  Transport  Franchises  was  read  by  Mr.  Small, 
former  member  of  the  Public  .Service  Commission  of 
Missouri,  and  that  on  Highway  Transport  Clearing 
Houses  b  yTom  Snyder,  kSecretary,  National  Associa- 
tion of  Commercial  Haulers,  Indianapolis. 

Before  adjournment,  Mr.  Breed  introduced  two  res- 
olutions which  were  passed  without  dissenting  vote. 
The  first  resolution  stated  that  the  National  Highway 
Traffic  Association  is  unalterably  opposed  to  the  pro- 
vision of  the  Dunn  bill,  now  before  the  Ways  and 
Means  Committee  of  the  Senate,  which  reduces  the 
per  mile  limit  of  federal  participation  in  the  construc- 
tion of  federal  aid  projects  from  $20,000  to  $12,500 
the  first  year  and  then  to  $10,000.  and  directed  the 
secretary  to  so  notify  the  Senate  committee.  The  sec- 
ond resolution  thanked  the  Automobile  Gub  of  Amer- 
ica for  extending  to  the  association  the  hospitality  of 
its  club  house. 

The  following  officers  were  elected  by  unanimous 
vote: 

President,  Arthur  H.  Blanchard;  Vice-Presidents, 
David  Beecroft,  L.  A.  Nares,  R.  C.  Hargreaves,  Jack 
F.  "Witt,  C.  M.  Upham ;  Secretary,  Elmer  Thompson ; 
Treasurer,  George  H.  Pride. 

Directors— W.  T.  Beatty,  Roy  D.  Chapin,  J.  H.  Col- 
lins. R.  J.  Corbitt,  Charles  Henry  Davis,  J.  D.  Eggle- 
ston.  William  P.  Eno,  John  Fields,  T.  D.  Guthrie,  R. 

E.  nines,  Thomas  B.  King,  P.  A.  Koehring.  Samuel 
P.  Leeds,  Irving  W.  Patterson,  T.  Coleman  du  Pont, 

F.  A.  Seiberling,  Tom  Snyder,  William  C.  Spear,  Sam- 
nel  W.  Taylor,  J.  DeMont  Thompson,  F.  W.  A.  Vesper, 
George  F.  Wolz. 


Executive  Committee — Arthur  H.  Blanchard,  Roy 
D.  Chapin,  George  H.  Pride,  Tom  Snyder,  Elmer 
Thompson. 

A.  R.  B.  A.  ELECTS  OFFICERS 

The  annual  meeting  for  the  election  of  officers  of  the 
American  Road  Builders'  Association  was  held  at  the 
Automobile  Club  of  Amarica  in  New  York  City  on 
Monday,  May  15.  The  Board  of  Directors,  voting  by 
ballot,  elected  the  foUoAving  officers  for  the  coming 
year : 

Vice-Presidents,  Northeastern  District,  F.  E.  Everett 
of  Concord,  N.  H. ;  Southern  District,  Frank  Page  of 
Raleigh,  N.  C. ;  Central  District,  J.  Frank  Smith  of 
Kansas  City,  Mo. ;  Western  District,  Samuel  Hill  of 
Seattle,  Wash. ;  Secretary,  E.  L.  Powers  of  New  York ; 
Treasurer,  James  H.  MacDonald  of  New  Haven,  Conn. 

The  balloting  for  president  resulted  in  a  tie  and 
President  H.  L.  Bowlby  will  continue  to  hold  office 
until  anotlier  election  can  be  held. 

The  vote  for  seven  members  of  the  Board  of  Direc- 
tors to  take  the  place  of  those  whose  terms  expire  this 
year,  which  was  taken  by  letter  ballot  throughout  tlie 
entire  membership,  resulted  in  the  election  of  the  fol- 
lowing : 

Nortlieastern  District,  R.  Keith  Conipton  of  Balti- 
more, Md.,  and  George  C.  Diehl  of  Buffalo,  N.  Y. ; 
Southern  District,  H.  K.  Bishop  of  Washington,  D.  C. ; 
C.  P.  Fortney  of  Charleston,  W.  Va.,  and  Warren  R. 
Neel  of  Atlanta,  Ga. ;  Central  District,  M.  F.  Bram- 
ley  of  Cleveland,  Ohio;  Western  District,  Frank  Ter- 
race of  Orillia,  Wash. 

In  addition  to  the  election  of  officers,  the  association 
discussed  various  business  throughout  the  afternoon 
and  evening  and  enjoyed  a  get-together  dinner  be- 
tween the  two  sessions.  At  tlie  close  of  the  evening 
session,  the  meeting  voted  to  adjourn  until  June  15. 

PERSONAL  MENTION 

George  A.  Read,  formerly  assistant  state  engineer  of 
Vermont,  has  been  appointed  state  engineer  to  suc- 
ceed Daniel  0.  Young  who  j-esigned  to  enter  tlie  con- 
struction business. 

Thomas  J.  Wasser,  State  Highway  Engineer  of  New 
Jersey,  has  been  elected  president  of  the  newly  created 
state  board  for  licensing  professional    engineers  and. 
surveyors. 

George  E.  Finck  has  resigned  as  office  engineer  of 
the  paving  commission  of  Baltimore,  Md.,  to  accept  the 
postion  of  highway  engineer  of  Greensboro,  N.  C. 

Ett  S.  Smith,  Chief  of  the  Division  of  Public  Works 
in  the  Ohio  State  Highway  Department,  lias  resigned 
on  account  of  ill  health. 

Alexander  W.  Graham,  Chief  Engineer  of  the  Mis- 
souri State  Highway  Commission,  has  resigned. 
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Concrete  Roads 
must  be  Reinforced 

It  is  demonstrated  beyond  doubt  that  to 
make  concrete  roads  proof  against  heavy  motor 
traffic,  weather  and  time  a  fabric  of  steel 
must  be  incorporated  in  the  concrete. 

Several  great  States  have  so  ruled. 

American 
Steel  and  Wire  Company's 

Concrete 
Reinforcement 

Fulfills   Every   Engineering   Requirement 

Send  for  our  book  on  road  building 

CHICAGO  NEW   YORK  CLEVELAND 

PITTSBURGH  DENVER 


•Illustrated    Article 


PERFECT  APPLICATION 

HEATERand  DISTRIBUTOR 

will  beat  and  apply  all  varieties  of  bitumiaous  products 
now    in    use    for    road    construction    and    maintenance. 

GET   OUR   CATALOG 

KINNEY  MANUFACTURING  CO. 

BOSTON,     MASS. 

New  York  Houston  Chicago  San  Francisco 

Kansas  City  Philadelphia 
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Tht  excerpt  helow  is  from  ffi 

Idler  Written  by  a  large  user 

of  Dumorite  for  contrading 

operations,. 


"I  am  in  receipt  of  yours  of  the  8th  inst.,  asking  my  expe- 
rience with  your  Dumorite  dynamite,  and  beg  to  advise  that  I 
lave  been  using  it  now  for  the  past  sixty  days  in  hard  limestor' 
rock  and  find  that  it  does  all  that  you  claim  for  it. 

"My  foremen  claim  that  they  get  better  results  from  the  sairr 

number  of  sticks  of  Dvunorite  than  they  do  from  40^ ,  and  in 

r-ddition  to  that,  it  has  the  advantage  of  not  freezing.   Since 
using  it,  I  have  heard  no  complaints  from  headache. 

"I  prefer  a  bulky  dynamite  like  Dumorite,  as  it  seems  to  go 
farther  with  equally  good  results." 


O.  K,d  by  the  Severest  Judges 


No  ONE  is  better  fitted  to 
judge  the  value  of  an 
explosive  than  the  contractors 
who  shoot  it. 

We  have  stated  that  Dumorite 
does  the  work  of  40%  dynamite, 
stick  for  stick.    Above  is  an  ex- 
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cerpt  from  one  of  many  letters 
from  contractors  testifying  to 
this  fact. 

Remember  that  Dumorite 
gives  you  35  to  40  sticks  per 
case  more  than  "40?^",  at  the 
same  price.  Get  in  touch  with 
our  nearest  branch  and  let 
Dumorite  save  money  for  you,  too. 

Address  our  nearest  branch 
office   for    full  information. 

E.  I.  du  Pont  de  Nemours  &  Co.,  Inc. 

Explosives  Department 
Wilmington,  Delaware 

NON-FREEZING 


RTE 


THE  LATEST  OF  A  CX)MPLETE  LINE  OF  DU  PONT  EXPLOSIVES 


When  Writing  Advertisers  Please  Mention  GOOD  ROADS 


«* 


GOOD   ROADS 


MAINTENANCE  i^ 


CONSTRUCTION  TRANSPORTATION 

WITH  WHICH  IS  INCORPORATED 

THE  HIGHWAY  CONTRACTOR  AND  ROAD  BUILDER 


Vol.  TiXTI. 


NEW  YORK,  N.  Y.,  MAY  24, 1922 


No.  21 


The  Bronx  River  Parkway  Drive 

Development  of  Bronx  River  Parkway  Reservation  and  Construction  jof  Parkway 
Drive — Beautiful  Approach  to  New  York  City  to  be  Completed  in  1923 

By  L.  G.  HOI/IiEBANt 


The  Bronx  River  Parkway  Reservation  extends  for 
for  a  distance  of  over  15  mi.  from  the  Botanical  Gar 
dens  of  Bronx  Park,  in  New  York  City,  to  the  Kensico 
Dam,  4  mi.  north  of  White  Plains. 

The  reservation  consists  of  a  strip  of  land  from  200 
to  1,200  ft.  in  width,  through  which  the  Bronx  River 
winds  and  turns  on  its  way  from  the  Westchester  hills. 
Tlie  reserva1;ion  extends  through  a  thickly  settled  re- 
gion for  about  two-thirds  of  its  length,  including  within 
its  boundaries  portions  of  the  northerly  part  of  Bronx 
Borough,  City  of  Mount  Vernon,  City  of  Yonkers,  Vil- 
lages of  Bronxville,  Tuckahoe  and  Scarsdale,  and  City 
of  White  Plains. 

More  than  25  years  ago,  in  1895,  the  polluted  condi- 
tion of  the  Bronx  River  attracted  sufficient  attention 
to  bring  about  the  appointment  by  the  governor  of  an 
investigating  commission.  This  commission  recom- 
mended that  a  sanitary  trunk  sewer  be  built  parallel  to 
the  river.  The  question  of  enclosing  the  entire  river 
in  a  big  storm  sewer  was  discussed,  but  discarded,  it 
being  impracticable  to  build  a  storm  sewer  large  enough 


fDeputy  Chief  Engineer,  Bronx  Parkway  Commission. 


fc  m^^ 

^ 

to  carry  the  flood  watera.  The  commission's  recom- 
mendation to  expend  a  large  sum  for  the  construction 
of  a  sanitary  sewer  did  not  at  that  time  appeal  to  the 
public  imagination  and  nothing  resulted  therefrom. 

Another  investigating  commission  was  appointed  in 
1906,  w'hieh  recomaii  ended  that  the  most  feasible  solu- 
tion, having  regard  for  economy  and  return  in  public 
utility,  was  the  creation  of  a  parkway  reservation, 
which  would  include  the  low  lands  and  immediate  slopes 
along  either  side  of  the  river.  The  commission  pointed 
out  that  this  was  the  cheapest  way  to  protect  the  river 
and  that  the  land  to  be  acquired  would  provide  loca- 
tions not  only  for  a  sanitary  sewer,  but  also  for  a  great 
parkway  with  a  traffic  artery  extending  from  New  York 
City's  park  system  15  mi.  along  this  picturesque  river 
to  the  magnificent  Kensico  dam  and  reservoir,  where 
the  City  owns  4,500  acres  of  beautiful  woodland  and 
lake  areas.  These  recommendations  were  adopted  as 
a  joint  project  of  New  York  City  and  Westchester 
County,  and  the  legislative  act  iprovided  for  acquiring 
about  1,200  acres  of  land  along  the  river,  elimination 
of  sewage  pollution  and  the  development  of  a  parkway. 


.SECTION    AT    WAKEFIELD    BEFORE  IMPKOVEM3NT  SAME  SECTION  AT  WAKEiFIEUD  AFTER  IMPROVEMENT 
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Commissioners  were  appointed  under  this  act  by  Gov- 
ernor Huglies  in  1907,  and  in  June,  1913,  after  some 
amendatory  legislation  liail  been  passed,  tiie  first  ap- 
propriations for  tlie  acquisition  of  lauds  were  made 
available.  About  two-tliirds  of  all  lands  were  aequiied 
by  private  purciiase  aud  the  remainder  were  taken  by 
condenuiation.  As  rapidly  as  the  land  was  acquired, 
the  buildings  were  sold  and  removed,  foundations  filled 
up,  pollution  eliminated  and  the  land  and  river  made 
available  for  such  use  by  the  public  a&  their  undevel- 
oped srtate  would  permit  of.  Pi-om  1916  to  1918,  small 
appropriations  were  made  available  for  construction 
work  and  since  1919  appropriations,  which  permitted 
i  comprehensive  construction  program  to  be  carried  out 
liave  been  made  by  the  City  of  New  York  and  West- 
chester County  each  year. 

With  these  funds  the  development  of  the  Parkway 
reservation  has  proceeded  at  such  a  rate  that  its  prac- 
tical completion  is  expected  by  the  end  of  the  year 
1923. 

Development  of  the  Parkway  Reservation 

The  Bronx  River  is  the  fundamental  feature  which 
controls  the  engineering  and  construction  problems,  the 
location  of  the  Parkway  drive,  and  to  a  large  extent 
the  physical  improvement  and  landscape  development 
of  the  reservation.  The  flooding  of  the  marginal  lands 
and  low-lying  sectioas  of  the  reservation  is  typical  of 
the  problem  offered  by  many  rivci-s.  To  avert  destruc- 
tion of  property  and  large  lo.sses,  the  conservancy  dis- 
trict idea  has  been  evolved  and  applied  in  other  sec- 
tions of  the  country,  as,  notably,  on  rivers  in  the  Mid- 
dle West. 

Somewhat  analogous  is  the  Bronx  River  Parkway 
Reservation,  which  may  be  considered  as  a  conserv- 
ancy district  on  a  small  scale.  The  river  flows  through 
Bronx  and  Westchester  Counties  and  through  various 
municipalities.  It  would  be  quite  useless  to  improve 
it  in  one  section  and  neglect  the  others.  It  was,  there- 
fore, necessary  to  study  it  throughout  its  entire  length, 
and  one  basic  object  of  the  work  of  river  regulation 
was  to  prevent  flood  overflows. 

Jurisdiction  over  the  river  throughout  the  entire 
length  of  the  reservation  enabled  the  comniis.sion  to 
adopt  comprehensive  plans.  The  details  of  these  plans 
vary  with  the  topography  of  the  different  sections. 
Studies  were  made  which  enabled  the  commission  to 
fix  the  proper  profile  for  deepening  the  channel,  so  that 
when  the  river  imrovement  has  been  completed,  the 
water  will  be  held  at  nearly  constant  levels  during  the 
greater  portion  of  the  year. 

The  purely  aesthetic  element  was  also  kept  in  mind. 
N'atural  slopes  and  banks  were  left  undisturbed  as  far 
n.s  practicable  since  straight  slopes  and  a  canalized 
channel  would  not  in  any  sense  be  appropriate  in  park 
development.  These  river  channel  improvements  will 
Htrvc  three  purposes:  first,  the  reclainnng  of  low  lands 
by  eliminating  flood  overflow;  second,  the  securing  of 


a  sufficient  depth  of  water  for  the  development  of 
swininiiug  pools  aud  water  sports,  aud,  third,  tlic  sup- 
plying of  sufficient  material  for  use  in  grading  the 
parkway  drive  and  marginal  lauds  in  order  to  provide 
llie  proper  landscape  development. 

Design  and  Construction  of  the  Parkway  Drive 

The  main  highways  between  the  City  of  New  York 
and  Westchester  County  are  already  overcrowded  on 
Sundays  and  holidays  when  most  people  desire  to  use 
them.  The  Bronx  River  Pai'kway  Drive  will  foi-m  an 
additional  outlet  between  the  city  and  upper  Westches- 
ter County  which  will  tend  to  relieve  congestion  and 
provide  a  more  direct  route  from  the  city  to  the  water- 
shed lands  and  highways  leading  into  Connecticut  and 
northern  New  York. 

Having  in  mind  the  greatly  increased  traffic  which 
has  occurred  during  the  past  few  yeara,  the  Commis- 
sion fixed  the  width  of  the  parkway  drive  at  40  ft., 
except  in  a  few  locations  where  it  will  be  divided  into 
two  20-ft.  drives  in  order  to  take  advantage  of  topo- 
gi'aphical  conditions  favorable  to  establishing  two 
driveways  instead  of  one.  These  widths  will  allow  of 
two  lines  of  traffic  in  eacli  direction  which,  it  is  ex- 
pected, will  meet  requirements  for  many  years  to  come. 

After  the  driveway  is  staked  out,  the  topsoil  is  ex- 
cavated by  a  dragline  excavator,  or  by  steam  shovel, 
and  usually  piled  along  the  shoulders  of  the  driveway 
where  it  is  afterwards  used  to  cover  the  embankment 
slopes  as  they  are  completed.  The  river  cliannel,  or 
pool,  from  which  the  excavated  material  is  to  be  ob- 
tained is  then  dredged  by  a  dragline  excavator  and 
the  excavated  material  deposited  on  the  shore  to  dry 
for  a  few  days.  When  sufficiently  dry  to  handle  read- 
ily, the  material  is  loaded  by  steam  shovel  into  horse- 
drawn  dump  wagons,  or  into  dump  trailers  hauled  by 
10-ton  Holt  tractors,  and  deposited  within  the  limits 
of  the  driveway  embankment. 

The  soil  encountered  in  the  Bronx  River  valley  va- 
ries greatly  in  different  localities.  In  some  localities 
a  mixture  of  sand  and  gravel  is  encountered  which 
provides  excellent  material  for  the  driveway  embank- 
ment. In  other  localities  there  are  layers  of  fine  sand 
alternating  with  layers  of  black  clay  and  silt  which 
would,  if  used  alone,  provide  a  very  poor  foundation. 
Where  it  is  necessary  to  use  such  material,  the  drive- 
way embankment  is  brought  to  a  profile  about  1  ft. 
below  subgrade  level  and  a  layer  of  sand  Or  cinders 
at  least  1  ft.  in  depth  is  deposited  on  the  poorer  mate- 
rial to  provide  a  well  drained  hod  for  the  surface  pave- 
ment. 

In  many  localities  tlie  driveway  is  carried  either 
along  Or  at  the  foot  of  the  slope  of  one  or  tlie  other 
of  the  hillsides  which  fonn  the  river  valley.  Usually, 
on  the  up-hill  side  of  the  driveway  and  at  other  loca- 
tions in  tlie  low  lands  where  the  ground  water  level  is 
near  the  surface,  porous  tile  under-drains  laid  in  rock- 
filled  trenches  have  been  provided  to  take  care  of  the 
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Bub-drainage.  Vitrified  tile  or  concrete  pipe  drains  to 
take  care  of  surface  drainage  are  placed  at  low  points 
and  at  intermediate  points  on  long  grades. 

In  many  instances  the  space  between  the  river  bank 
and  the  foot  of  the  slope  is  so  narrow  that  walls  of 
some  kind  are  required  to  retain  the  driveway  embank- 
ment and  protect  it  from  scouring  where  it  encroaches 
on  the  river  channel.  In  order  to  eliminate  the  more 
formal  concrete  retaining  walls,  which  are  usually  pro- 
vided in  such  cases,  the  commission  has  made  use  of  tlie 
large  numbers  of  boulders  and  large  rocks  vvliieh 
abounded  in  certain  portions  of  the  reservation  to  pro- 
vide a  type  of  boulder  riprap  which  is  more  in  liarniony 
with  the  general  scheme  of  development  than  a  formal 
concrete  retaining  wall  would  be. 

For  the  driveway  pavement,  tlie  commission  has 
adopted  a  Portland  cement  concrete  base  with  a  bitu- 
minous wearing  surface.  Curbs  approximately  flush 
with  the  bituminous  wearing  surface  are  provided 
where  the  driveway  is  on  fill  and  curbs  tlvree  inches  in 
Iteight  are  provided  where  the  driveway  is  in  cut.  Tlie 
curb  is  consti-ucted  integral  with  the  concrete  founda- 
tion. To  date  two  types  of  bituminous  wearing  sur- 
face have  been  placed.  Asphalt  blocks  have  been  used 
on  about  3  mi.  of  the  driveway  between  Crane  Road. 
Scarsdale,  and  Woodland  Place,  Wldte  Plains,  and  bitu- 
minous concrete  has  been  used  on  about  the  same  length 
between  Duncomb  Street,  William sb ridge,  New  York 
City  and  Mount  Vernon  Avenue,  Yonkers. 

In  letting  contracts  for  the  paving,  alternative  bids 
are  taken  on  various  types  of  bituminous  wearing  sur- 
face. A  sclicdule  lias  been  prepared  and  adopted  by 
the  Commission,  after  a  thorough  investigation  by  its 
Engineers,  whicli  fixes  tlie  relative  value  of  the  various 
types  of  bituminous  wearing  surfaces,  and  the  type  of 
pavement  which  will  give  the  greatest  value  for  the 
co.st,  as  determined  by  the  bids,  is  selected  after  tlie 

»bids  have  been  canvassed. 
In  designing  the  concrete  foundation,  the  attempt 
was  made  to  secure  a  slab  with  a  base  as  near  to  the 
horizontal  as  possible  witliout  unduly  increasing  the 
thickness  at  the  crown.  The  design  finally  adopted  is 
5  ill.  thick  at  the  sides  and  7  in.  thick  at  the  center. 
The  finished  pavement,  which  follows  a  parabolic  curve 
in  transverse  section,  has  a  crown  of  5  in.  in  the  width 
of  40  ft.  This  is  considerably  less  than  is  generallv 
used  for  a  pavement  of  such  width,  but  this  crown  pro- 
vides .satisfactory  lateral  drainage,  even  on  flat  grades, 
and  allows  the  bottom  of  the  concrete  base  to  be  formed 
by  two  straight  lines  from  each  side  to  the  center  of 
the  roadway,  which  deviate  from  the  horizontal  by 
only  3  in.  at  the  center. 
i^ft  Asphalt  blocks  5x12x2  in.  are  laid  on  a  0.5  in.  mor 
^^  tar  bed  with  sanded  joints.  The  bituminous  wearing 
surface  is  laid  2.5  in.  thick. 

The  asphalt  block  contract  included  57,200  sq.  yd. 
of  pavement,  while  the  bittiminous  concrete,  which  was 
1(  t  in  two  different  contracts,  but  to  the  same  contrac- 


tor, included  70,000  sq.  yd.  These  two  stretches  of 
pavement,  which  were  placed  by  different  contractors 
and  by  different  methods,  allowed  a  comparison  to  be 
made  as  to  the  relative  efficiency  and  economy  of  the 
methods  used. 

Methods  Employed  on  Asphalt  Block  Contract 
On  the  asphalt  block  contract,  the  equipment   for 
placing  concrete  base  con.sisted  of:  two  17-cu.  ft.  capa- 
city concrete  mixers  with  gravity  chutes  and  driven  by 


STONE  FADED  CONCRETE  BRIDGE  AT  WHITE  PLAINS 

gasoline  engines;  three  1-cu,  yd.  truck  tractors 
equipped  with  dump  bodies;  two  bucket  elevator  load- 
ing machines,  and  two  pumps  for  furnishing  water  for 
concrete. 

Cement,  sand  and  crushed  stone  were  delivered  to 
the  job  in  6-ton  capacity  motor  trucks.  The  cement  and 
crushed  .stone  were  shipped  in  barges,  unloaded  at  the 
dock  at  Hastings-on-Hudson,  and  delivered  to  the 
driveway,  with  an  average  haul  of  8  mi.  The  sand 
for  the  concrete  was  obtained  about  2  mi.  from  the 
work  where  it  was  screened  directly  from  the  pit  into 
automobile  tnicks  having  a  capacity  of  4  cu,  yd.,  by 
means  of  a  path-digging  loader  equipped  with  a  screen- 
ing device.  This  device  consisted  of  a  screen  attached 
to  the  top  of  the  loading  machine  with  a  power  vibrator 
attachment.  In  screening,  sand  was  deposited  in  the 
truck  and  particles  over  Vi-ii-  in  size  were  diverted 
into  a  deflector  chute  at  the  bottom  of  the  screen  and 
deposited  alongside  the  trucks. 

After  being  transported  to  the  job,  the  sand  was 
stock-piled  on  the  subgrade  along  one  side  of  the  road 
with  spaces  of  10  ft.  between  piles.  The  crushed  stone 
was  dumped  on  the  opposite  side  of  the  road  with  spaces 
of  5  ft.  between  piles.  The  remainder  of  the  road- 
way was  left  clear  for  the  transportation  of  cement  and 
other  materials.  Two  concrete  mixers  were  operated 
abreast,  one  on  each  side  of  the  driveway,  the  concrete 
being  placed  in  one  operation  for  the  full  width  of  the 
pavement.  Two  bucket  elevator  loading  machines  were 
used  in  handling  the  crushed  stone  and  sand.  The  stone 
was  elevated  from  the  stone  piles  by  the  loading  ma- 
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cliine  to  measuring  bins  having  the  capacity  required 
for  a  one-bag  batch,  and  tlie  sand  was  handled  in  the 
same  maimer  by  the  h)ading  maeliine  at  tlie  sand  piles. 
The  three-wheeled  truck  tractors  delivered  the  crushed 
stone  and  sand  to  the  loading  skips  of  the  concrete 
mixers.  The  truck  tractoi-s  traveled  up  to  the  sand 
loader  where  the  tractor  operator  opened  a  bin  and  re- 
ceived a  charge  of  sand.  He  then  drove  to  the  stone 
loader  and  received  a  charge  of  stone.  The  mixture 
was  then  delivered  at  the  mixer  skip.  Under  ordinary 
conditions,  three  truck  tractoi-s  were  used  at  the  mixers 
without  appreciable  congestion. 

The  following  crew  was  engaged  on  the  concrete 
foundation:  1  foreman,  2  mixer  engineers,  3  tractor  op- 
erators, 2  loading  machine  operators,  1  pump  operator. 
2  curb  finishers,  and  18  laborers.  And  for  settinj; 
forms  the  following  were  used ;  1  sub-foreman,  and 
6  laborers. 

Steel  forms  held  in  place  by  wooden  or  iron  pins 
were  used  in  forming  the  flush  or  3  in.  curb  and 
for  retaining  the  concrete  in  the  pavement  section.  With 
this  equipment  and  organization,  the  average  rate  of 
construction  per  day  was  300  lin.  ft.  of  40-ft.  pavement. 
The  average  day's  run  was  about  200  cu.  yd.  The  max- 
imum day's  run  was  260  cu.  yd. 

The  equipment  used  in  laying  the  asphalt  blocks  was 
as  follows:  1  mortar  mixer,  2  gravity  block  convey- 
ors. 1  pump,  1  block  cutter. 

The  organization  for  laying  the  asphalt  blocks  was 
as  follows:  1  foreman,  8  block  carrier.s,  3  block  layers, 
1  axeman  who  wedged  tlie  blocks  to  a  good  bearing,  1 
block  cutter,  1  broomer  for  brooming  sand  into  the 
joints,  and  2  men  piling  blocks;  and  for  placing  the 
mortar  bed,  1  mixer  operator,  1  bed  maker,  and  5  labor- 
ers. 

The  average  day's  run  with  this  force  was  about  1,600 
sq.  yd.  of  finished  pavement  and  the  maximum  day's 
run  was  about  1,800  sq.  yd.  of  finished  pavement. 

Methods  Employed  on  Bituminous  Concrete  Contract 

On  the  bituminous  concrete  contract,  the  equipment 
for  placing  cement  consisted  of:  1  27-cu.  ft.  capacity 
concrete  mixer  with  extension  boom  and  bucket,  2 
pumps,  and  12  wheelbarrows;  and  the  organization  em- 
braced :  1  foreman,  1  mixer  engineer,  1  fireman,  31  la- 
borers, 2  curb  finishers  and  1  team  and  driver.  1  sub- 
foreman  and  6  laborers  were  engaged  in  setting  forms, 
which  were  of  steel  construction  held  in  place  by  steel 
pins. 

The  materials  were  piled  along  the  driveway  about 
as  pre\-iously  described  for  the  asphalt  block  contract, 
and  transported  from  the  piles  to  the  mixer  skip  in 
wheelbarrows. 

The  average  day's  run  with  this  force  was  about  215 
cu.  yd.  and  the  maximum  day's  run  was  about  245 
en.  yd. 

The   latter  organization    witlt   one   concrete   mixer, 


equipped  with  boom  and  bucket,  and  oi^erating  with 
wheelbarrows  instead  of  truck  tractors  was,  therefore, 
able  to  place  a  greater  average  yardage  of  concrete  per 
day  with  less  men  than  the  organization  with  two  con- 
crete mixers  equipped  with  chutes. 

The  organization  ior  laying  the  bituminous  concrete 
surface  was  as  follows  at  the  asphalt  plant :  1  general 
foreman,  1  yard  loreman,  1  engineer,  1  hoist  runner, 
2  trestlemen,  1  oiler,  1  blacksmith,  1  mixer  foreman, 

2  mixers,  5  stone  feeders,  3  sand  feeders,  1  dust  feeder, 

3  utility  men,  and  at  tlie  driveway :  1  foreman  2  roller- 
men,  1  fireman,  5  rakers,  2  tampers,  15  shovelers.  The 
equipment  at  the  driveway  consisted  of :  1  8-ton  roller, 
1  10-ton  roller,  1  fire  wagon,  9  auto  trucks,  2  heating 
tanks. 

The  average  day's  run  for  tlie  above  force  was  about 
2.200  sq.  yd.  of  finished  pavement,  and  the  maximum 
day's  run  was  about  3,100  sq.  yd.  of  finished  pavement. 

The  bituminous  concrete  was  mixed  under  what  is 
sometimes  known  a  sthe  Topeka  specification  and  con- 
sisted of  asphaltic  cement  having  a  penetration  of  about 
50,  Dow  method,  at  77°  F.  mixed  with  trap  rock  screen- 
ings, sand  and  dust.  It  was  mixed  at  a  stationary  plant 
located  about  8  mi.  from  the  center  of  the  stretch  of 
driveway  on  which  the  pavement  was  laid,  in  batches 
weighing  1,700  lbs.  and  transported  to  the  job  by  6-ton 
capacity  motor  trucks.  On  leaving  the  plant,  the  truck 
drivers  received  a  ticket  from  the  inspector  showing 
the  number  of  batches  in  the  truck,  time  of  departure, 
and  temperature  of  the  mix  at  the  time  of  departure. 
The  slip  was  taken  up  by  the  inspector  at  the  pavement 
upon  the  arrival  of  the  truck.  A  careful  check  of  the 
bituminous  concrete  delivered  and  laid  was  made,  at 
intervals  during  the  day  and  at  the  end  of  each  day's 
run,  to  compare  the  actual  yardage  laid  with  the  theo- 
retical equivalent  as  determined  by  test  in  accordance 
with  the  inimbei'  of  batches  delivered. 

The  Two  Types  of  Pavement  Compared 

The  asphalt  block  pavement  was  placed  in  1920,  when 
prices  for  material  and  labor  were  at  about  their  max- 
imum, and  the  cost  was  $5.05  per  sq.  yd.  of  pavement, 
including  the  concrete  base,  flush  and  3  in.  curb,  and 
the  asphalt  block  wearing  surface. 

The  bituminous  concrete  pavement  was  laid  in  1921, 
when  prices  of  material  and  labor  had  receded  appre- 
ciably, and  the  cost  per  sq.  yd.  was  $3.56,  including 
concrete  base,  flush  and  3  in.  curb,  and  the  bituminous 
concrete  wearing  surface. 

The  asphalt  block  pavement  has  now  been  in  use 
about  two  years,  and  a  portion  of  the  bituminous  con- 
crete pavement  has  been  in  use  for  about  one  year. 
Tt  is,  of  course,  too  early  to  form  any  definite  opinion 
as  to  the  actual  comparative  wearing  qualities  of  the 
tAvo  types  of  wearing  surface  or  of  the  stability  of  the 
pavement  as  a  whole,  but  it  may  be  said  that  to  date 
no  evidences  of  failure  have  appeared  in  any  part  of 
tlie  6.5  mi.  of  pavement  constructed  under  these  two 
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contracts,  although  all  the  pavement  was  laid  on  com- 
paratively new  embankments  throughout  its  entire 
length. 

Types  of  Bridges  and  Viaducts 

It  would  have  been  possible  to  eliminate  most  of  the 
winds  and  turns  in  the  Bronx  River  within  the  limits 
of  the  Reservation  so  that  very  few  driveway  bridges 
would  be  required,  but  such  a  procedure  would  not 
only  have  been  very  expensive  in  the  way  of  excavation 
and  disposal  of  excavated  material,  but  would  also  have 
practically  destroyed  the  natural  beauty  of  the  river, 
and  the  valley  through  which  it  flows.  In  order  to 
preserve  the  river  as  nearly  as  possible  in  its  natural 
condition,  it  was  necessary  to  locate  the  driveway  in 
such  a  way  that  it  crosses  and  re-crosses  the  river  chan- 
nel on  driveway  bridges  a  number  of  times. 

The  commission  early  recognized  the  importance  of 
designing  the  driveway  bridges  so  as  to  harmonize  with 
the  surroundings  and  fit  into  the  general  scheme  of  de- 
velopment. To  no  other  type  of  structure  required  in 
the  development  of  the  parkway  reservation  has  more 
attention  been  given  than  to  the  designing  of  these 
bridges.  In  all  cases,  competent  architects  have  been 
employed  to  advise  on  the  architectural  design,  and 
the  results  obtained  through  the  co-operation  of  these 
architects  with  the  commission's  engineers  have  mors 
than  justified  the  adoption  of  this  procedure.  In  gen- 
eral, the  attempt  has  been  made  to  produce  arched 
structures.  The  earlier  designs  consist  of  a  reinforced 
concrete  arch  with  stone  facing  for  the  approach  walls, 
arches  and  spandrels. 

In  order  to  reduce  the  quantities  of  excavation  and 
concrete  required  for  the  abutments  of  a  true  arch 
bridge,  a  type  of  reinforced  concrete  beam  and  slab 
constuction  masked  by  a  native  granite  facing,  includ- 
ing arch  rings,  approach  walls,  spandrels  and  parapets, 
was  developed  by  the  commission's  designing  force. 
This  type  of  construction  requires  an  abutment,  or  end 
wall,  to  support  the  beams  of  only  4  in.  in  thickness, 
with  footings  for  the  abutments  only  6  in.  in  width  for 
ordinary  soil  conditions.  This  design  has  proved  to  be 
not  only  very  economical  in  cost,  but  to  all  intents 
and  purposes  the  appearance  is  that  of  an  arched 
bridge  of  stone  construction. 

In  some  localities  the  grade  of  the  driveway  at  the 
river  crossings  is  such  that  it  would  not  be  feasible  to 
secure  the  rise  necessary  for  an  arched  bridge  without 
introducing  an  objectionable  hump  in  the  driveway 
profile.  At  these  locations  a  reinforced  concrete  beam 
and  slab  bridge,  similar  to  that  described  above,  with 
a  timber  facing  over  the  outside  beams,  and  timber 
fence,  has  been  designed.  The  plain  concrete  approach 
walls  are  faced  with  rubble  or  native  stone.  In  these 
bridges  an  attempt  was  made  to  simulate  old-time 
timber  beam  bridges.  The  oak  fencing  or  guard  rail 
was  hewed  and  pinned  together  with  oak  pins  and  the 
woodwork  stained  to  imitate  weathered  timber. 


Four  viaducts  are  required  to  carry  existing  or  pro- 
posed streets  over  the  parkway  drive  or  to  carry  the 
parkway  drive  over  the  New  York  and  Harlem  R.  R. 
tracks  and  the  Bronx  River.  Two  of  these  four  via- 
ducts have  been  constructed.  In  both  instances  the 
construction  is  of  reinforced  concrete  without  stone  fac- 
ing. The  Broad  Street  viaduct  spans  the  parkway 
drive,  the  Bronx  River  and  the  tracks  of  the  New  York 
&  Harlem  R.  R.  Company,  and  connects  Broad  Street 
in  the  City  of  Mt.  Vernon  with  Broad  Street  in  the 
City  of  Yonkers.  This  viaduct  consists  of  six  rein- 
forced concrete  arches  varying  in  span  from  85  to  94 
ft.  with  appropriate  approach  walls.  The  earth  filled 
spandrel  wall  type  of  construction  was  used. 

At  White  Plains,  the  Woodland  Place  viaduct  car- 
ries the  parkway  drive  over  the  tracks  of  the  New 
York  and  Harlem  R.  R.  and  the  Bronx  River.  This 
viaduct  has  one  arch  of  145  ft.  span  and  an  overall 
length,  including  approach  walls,  of  approximately  300 
ft.  The  arch  consists  of  four  reinforced  concrete  ribs 
on  which  the  roadway  structure  of  slab  and  girder  con- 
struction is  carried  by  columns  and  spandrel  arches. 

At  six  of  the  main  highway  crossings,  the  parkway 
drive  will  be  carried  under  the  existing  streets.  These 
undercrossings  will  be  located  at :  Gun  Hill  Road,  Bor- 
ough of  The  Bronx;  Palmer  Avenue,  Pondfield  Road 
and  Tuckahoe  Road,  City  of  Yonkers;  Ardsley  Road, 
Scarsdale ;  and  Main  Street,  White  Plains.  The  inten- 
sity of  the  traffic  to  be  expected  on  the  parkway  drive 
is  such  that  within  a  short  time  after  the  opening  of 
the  completed  driveway,  grade  crossings  woufd  have 
become  so  dangerous  that  undoubtedly  an  immediate 
demand  for  their  elimination  would  have  resulted.  The 
commission,  therefore,  decided  to  eliminate  grade  cross- 
ings at  these  locations  from  the  outset. 

The  structure  which  carries  Gun  Hill  Road  over  the 
parkway  drive  was  constructed  by  the  City  of  New 
York  under  plans  furnished  by  the  Commission,  but 
the  remaining  five  undercrossing  structures  will  be 
built  by  the  Commission.  Two  of  them  are  now  under 
construction. 

The  Commission's  designing  engineer,  Mr.  Arthur  6. 
Hayden,  has  worked  out  a  type  of  undercrossing  struc- 
ture which,  so  far  as  is  known,  has  never  before  been 
used  under  similar  conditions.  The  design  consists  of  a 
reinforced  concrete  frame  having  the  appearance  of  a 
true  arch.  The  footings  are  about  6  in.  in  width  and 
support  the  side  walls  or  abutments  averaging  about 
4  in.  in  width.  The  slab  or  arch  forming  the  roof  ap- 
parently springs  from  these  side  walls  or  abutments, 
but  the  whole  structure  is  tied  together  with  reinforc- 
ing steel  in  such  a  manner  as  to  form  a  frame  rather 
than  a  true  arch.  As  the  span  of  the  structure  is  about 
41  ft.  6  in.  and  the  rise  had  to  be  kept  down  to  about 
3  ft.  9  in.  in  order  to  secure  headroom  at  the  center  of 
the  driveway  of  at  least  15  ft.  and  yet  keep  the  pave- 
ment elevation  above  water  level  in  the  adjacent  river, 
it  can  readily  be  seen  that  this  form  of  construction  is 
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very  much  more  economical  in  the  way  of  excavation 
and  concrete  than  the  ordinary  arched  structure  with 
gra\-ity  abutments.  It  is  estimated  that  the  adoption  of 
this  form  of  construction  allows  of  a  saving  in  cost 
of  about  $5,000  for  each  structure.  This  design  was 
adopted  by  the  commission  only  after  tests  had  been 
made  on  models  and  the  computations  checked  by  a 
firm  of  consulting  engineers  specializing  in  reinforced 
concrete  design  and  construction.  Pull  details  of  the 
design  will  be  published  in  the  technical  journals 
shortly. 

The  Bronx  Parkway  Commission  consists  of  Madison 
Grant,  president;  W.  "W.  Niles,  vice-president;  and 
Prank  H.  Bethell,  treasurer.  Engineering  and  construc- 
tion work  is  under  the  supervision  of  Jay  Downer,  en- 
gineer and  secretary.  Herman  W.  Merkel  is  consult- 
ing landscape  architect. 


came  in  trucks,  cars,  wagons,  and  all  sorts  of  convey- 
ances, and  they  came  quickly.  Their  timely  arrival  un- 
questionably prevented  a  break  that  would  have  meant 
the  loss  of  hundreds  of  thousands  of  dollars  to  the 
farmers  of  that  region. 

In  the  same  manner,  breaches  were  prevented  at 
Stoops  Landing,  near  Greenville,  Miss.;  at  Tunica, 
Miss. ;  and  at  other  points.  It  was  possible  to  move 
quickly  over  fine  roads.  It  was  one  of  the  striking 
features  brought  out  before  the  informal  meetings  be- 
tween the  congressional  party  and  the  residents  of  the 
region,  and  it  was  a  clinching  argument  for  the  con- 
tinuation of  the  good  roads  program  which  has  been 
in  progress  in  the  lower  valley  for  the  past  four,  or 
five  years. 


OOOD  ROADS  AID  FLOOD  PREVENTION 

Good  roads  have  coiuiuered  the  Mississippi  River 
fl<.od8.  Such  a  statement,  in  all  truth,  might  be  ap- 
plied in  the  instance  of  the  recent  tremendous  floods 
which  have  just  swept  down  the  Mississippi  River  to 
the  Gulf  of  Mexico,  because  it  was  the  facilities  for 
quick  transportation  of  men  and  materials  that  en- 
abled the  people  of  the  lower  Mississippi  valley  to  re- 
pair weak  places  in  the  great  levee  systems  which 
hem  in  the  river  and  prevent  overflows  which  would 
have  inundated  millions  of  acres  of  the  country's  rich- 
est farm  lands. 

"Our  roads  paid  for  themselves  in  this  one  fight," 
was  the  statement  made  to  the  congressional  committee. 
which  made  a  special  inspection  trip  down  the  river 
the  first  week  in  May  to  get  first  hand  evidence  of  the 
situation  which  exists  when  the  Mississippi  goes  on  a 
rampage. 

"We  never  could  baye  held  the  levees  this  time  bad 
it  not  been  for  our  good  roads,"  the  party  was  in- 
formed. "In  the  old  days  when  we  got  word  of 
threatened  breaks,  it  took  hours  to  get  men  and  materi- 
als to  the  scene.  With  our  new  improved  highways,  it 
was  but  a  matter  of  minutes  for  us  to  reach  vital  points. 
We  haven't  had  a  break  in  the  1,000  miles  of  earthen 
walls  between  the  mouth  of  the  Ohio  and  Vicksburg, 
Miss." 

There  were  numerous  instances  of  threatened  breaks. 
Men  and  materials  were  rushed  to  these  points  and  re- 
pairs made.  One  of  the  most  serious  was  at  Old  Town 
near  Helena.  Ark.  Here,  a  secondary  levee  line  1,000 
ft.  long  was  constructed  by  volunteers  in  a  few  days' 
time.  Had  the  job  not  been  done  quickly,  the  breach 
at  Old  Town  would  have  caused  a  flood  over  an  area 
of  more  than  1,000,000  acres.  Phillips  County,  Ark.,  in 
which  the  breach  was  threatened,  has  some  of  the  finest 
all-year  roads  in  Arkansas.  It  has  .52  mi.  of  asphaltic 
concrete  and  61  mi.  of  concrete  highways,  supplemented 
by  many  miles  of  good  gravel  roads.  When  the  call 
came  for  men  and  materials  to  save  the  levee,  they 


$2,000,000  FOR  ROADS  IN  NEBRASKA 

The  State  Department  of  Public  Roads  of  Nebraska 
will  let  road  contracts  on  June  12  which  contemplates 
a  total  expenditure  of  approximately  $1,750,000.  This 
is  the  first  letting  to  be  held  this  year.  Work  now  being 
done  and  already  completed  on  contracts  held  over 
from  last  year  will  add  about  $300,000  to  this  amount 
and  bring  the  total  expenditures  for  1922  to  over  $2,- 
000,000.  The  road  construction  program  embraces  few 
very  large  projects.  The  largest  is  a  6  mi.  stretch  of 
pavement  between  Valley  and  the  Dodge  County  line 
which  is  to  cost  $200,000.  Another  large  project  is  the 
construction  of  26  mi.  of  earth  and  gravel  road  in  Lin- 
coln County  at  a  cost  of  $100,000.  It  is  estimated  that 
the  cost  of  road  construction  will  be  15  per  cent,  less 
than  last  season  and  that  the  work  will  be  completed 
by  November  1. 


FOREST  HIGHWAY  PROJECTS  APPROVED 

The  U.  S.  Department  of  Agriculture  has  just  an- 
nounced the  approval  by  Secretary  Wallace  of  the  ex- 
penditure of  $594,000  of  the  national  forest  highway 
funds  for  the  construction  and  repair  of  forest  roads  in 
Nevada,  South  Dakota,  and  New  Mexico.  This  money 
was  made  available  for  roads  serving  national  forests 
and  for  roads  within  or  adjacent  to  the  forests,  which 
are  of  primary  importance  to  states,  counties,  or  com- 
munities. 

The  amount  approved  for  Nevada,  $166,000  will  be 
allotted  to  two  roads  in  the  Toiyabc  National  Forest  in 
Lander  County  and  one  in  the  Nevada  National  Forest 
in  White  Pine  County.  South  Dakota  will  spend  $61,000 
from  the  fund  on  one  road,  the  Deadwood-Hot  Springs 
Highway.  The  projects  approved  for  New  Mexico  in- 
clude 30  mi.  of  road  in  Taos  County,  25  mi.  in  Catron 
and  Grant  Counties,  and  9  mi.  in  Santa  Fc  and  Miguel 
Counties  and  the  amount  to  be  expended  is  $367,000. 


The  Com.mission  of  Highways  of  North  Carolina 
plans  to  award  contracts  on  May  25  for  the  construc- 
tioij  of  198  mi.  of  hard  surface  and  top-soil  roads  in 
every  district  of  the  state.  This  will  be  the  largest 
award  ever  made  at  one  time  by  the  commission. 
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IMPORTANCE  OF  HIGHWAY  ENGINEERING 

The  Nevada  Highway  Department  is  publishing  in 
"The  Nevada  Highway  News"  articles  which  seek  to 
give  the  people  of  Nevada  a  clearer  conception  of  the 
problems  of  highway  location  and  design  so  that  the 
layman  will  not  think  that  money  spent  on  surveys  and 
preparation  of  plans  is  money  wasted. 

There  is  need  of  a  great  deal  of  such  educational 
work  among  the  people  of  this  country.  A  great  many 
have  no  clear  idea  as  to  what  a  highway  engineer  really 
does  and  are  apt  to  belittle  his  work  and  look  upon  it 
as  for  the  most  part  unnecessary.  A  clear  understand- 
ing on  the  part  of  the  taxpayer  of  tlie  fact  that  ac- 
curate surveys  and  careful  planning  are  necessary  if 
tlic  state  is  to  have  proper  location,  alignment,  and 
drainage  of  its  roads  and  the  most  economical  construc- 
tion costs,  would  not  only  make  easier  the  work  of  the 
highway  departments  in  promoting  and  financing  road 
construction  but  would  also  place  a  greater  importance 
upon  the  work  of  the  engineer  wliich  would  redound 
to  his  credit. 

The  taxpayer  is  generally  pictured  as  a  person  who 
thinks  only  in  terms  of  his  pockethook.  He  is  apt  to 
think  that  the  highway  engineers  are  doing  work  of 
little  value  and  that  the  money  spent  on  engineering 
is  an  unnecessary  overhead  charge  in  the  construction 
of  his  highways.  If  he  could  be  shown  that  lack  of 
accurate  surveys,  detailed  plans,  and  proper  inspection 
would  mean  poor  location,  faulty  design,  and  costly 
construction,  would  Tiot  the  pendulum  swing  to  the 
other  extreme?    Could  he  not  be  brought  to  see  that, 


not  engineering  costs  as  such,  but  the  attempt  to  be 
economical  by  paying  small  salaries  to  engineers  and 
maintaining  a  small  force,  would  mean  money  out  of 
liis  pocket? 

The  problem  of  location  and  design  of  highways  re- 
quires not  only  technical  education  but  also  knowledge 
of  the  economics  of  highway  transportation  and  a  keen 
insight  into  the  future  development  of  the  country. 
Solving  these  problems  is  no  task  for  makeshift  organ- 
izations or  incompetent  employees.  In  short,  the  high- 
way department  is  a  very  poor  place  for  a  state  gov- 
ernment to  tiy  to  save  money,  and  the  taxpayer  should 
be  made  to  realize  that  fact. 

The  highway  engineer  has  a  "big  job"  and  it  is 
through  education  of  the  people  to  that  effect  that  he 
will  be  able  to  take  the  place  in  the  eyes  of  the  public 
which  the  importance  of  his  work  warrants  and  to 
command  a  salary  more  in  proportion  to  the  salaries  of 
business  and  professional  men  in  other  fields. 


THE  DUNN  BILL  SHOULD  NOT  PASS 

Almost  daily  tlie  number  of  state  highway  depart- 
ments and  organizations  devoted  to  road  building  and 
highway  transport  that  protest  against  the  passage  of 
the  Dunn  bill  inci'cases.  This  bill  was  introdticed  by 
Chairman  Dunn  of  tlie  House  Roads  Committee,  has 
been  passed  by  the  House,  and  is  now  before  the  Ways 
and  Means  Committee  of  the  Senate.  It  would  amend 
the  Federal  Aid  Act  passed  in  1921  and  nearly  all  of 
the  changes  are  found  to  be  objectionable  in  some  of 
the  states.  Particular  objection  is  made  throughout  the 
country  to  the  provision  which  would  cut  in  half  the 
limit  of  federal  aid  per  mile  of  road  constructed  by  the 
states. 

There  is  still  time  for  those  who  favor  a  continuation 
of  the  present  highway  policy  to  protest  to  their  rep- 
resentatives in  Congress  against  tlie  passage  of  this  bill. 


TO  LIMIT  MOTOR  TRUCK  LOADS 

The  Massachusetts  Highway  Commission  is  seriously 
considering  the  reduction  of  the  maximum  motor  truck 
load  permissible  on  the  liighways  of  that  state  to  20,- 
000  lbs.  including  truck  and  load.  Such  was  the  state- 
ment made  by  James  W.  Synan  of  the  Massachusetts 
Highway  Commission  at  the  recent  meeting  of  the 
National  Highway  Traffic  Association.  Mr.  Synan  said 
that  an  extensive  plan  of  road  building  was  under  way 
in  his  state  but,  as  it  would  take  several  years  for  the 
best  type  of  roads  to  catch  up  with  the  existing  highway 
transport  conditions,  it  might  be  necessary  to  reduce 
the  present  legal  weights  until  such  time  as  the  state 
roads  could  sustain  the  steadily  increasing  heavy  traf- 
fic. The  proposed  limitation  would  prohibit  the  use  of 
a  motor  truck  exceeding  five  tons  capacity.  The  motor 
interests  of  the  country  advocate  the  uniform  adoption 
of  a  maximum  load  of  28,000  lbs. 
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GAS-TAR  PROTECTS  CONCRETE 

AGAINST  ALKALINE  WATERS 

In  its  search  for  a  means  of  protecting  Portland 
cement  concrete  against  the  action  of  alkaline  waters, 
the  Bureau  of  Public  Roads,  announces  promising  re- 
sults from  treatment  with  a  very  fluid  crude  water- 
gas  tar,  such  as  may  be  obtained  as  a  by-product  from 
many  artificial  gas  plants.  So  successful  have  the  tests 
bee  that  further  investigations  of  the  alkali-resisting 
properties  of  tar-treated  concrete  and  mortar  are  un- 
der way  and  the  protective  effect  of  water-gas  tar  on 
mass  concrete  structures  is  being  studied. 

The  treatment  consists  of  simply  immersing  the  con- 
crete in  the  liquid,  which  is  soaked  up,  even  by  a 
dense  concrete.  Cement  drain  tile  treated  in  this  way 
and  stored  from  six  to  eight  months  in  a  strong  alkali 
solution  have  shown  no  indications  of  disintegration, 
and  samples  tested  for  tensile  strength  were  as  strong 
as  those  stored  in  pure  water.  On  the  other  hand  un- 
treated samples  showed  both  disintegration  and  a  loss 
of  strength. 

In  certain  parts  of  the  country  where  alkali  salts 
exist  concrete  drain  tile  and  concrete  structures  have 
been  attacked.  In  many  such  places  concrete  is  a  very 
desirable  material  on  account  of  the  accessibility  of 
the  materials  that  go  into  it.  The  bureau's  investiga- 
tions aim  to  devise  means  of  using  concrete  with  as- 
surance. 


NEW  DEVICE  SETS  STANDARD 

FOR  SMOOTHNESS  OF  ROADS 

How  smooth  should  a  contractor  reasonably  be  ex- 
pected to  make  the  surface  of  a  road?  Engineers  of 
the  Bureau  of  Public  Roads  have  devised  an  instru- 
ment for  settling  this  question.  When  passed  over 
the  road  it  indicates  that  the  slightest  unevenness  or 
roughness. 

TWie  instrument  will  be  used  to  test  the  surface  on 
different  types  of  road  of  good  workman.ship,  thus 
determining  a  standard  which  contractors  can  be  held 
to.  Smoothness  in.  a  road  is,  of  course,  desirable  for 
the  comfort  of  travelers,  but  it  is  also  desirable  for 
other  equally  important  reasons,  say  officials  of  the  b"- 
resn.  The  vertical  movement  of  a  motor  vehicle  caused 
by  roughness  wears  the  machine  and  requires  more 
power  of  the  engine. 

In  connection  with  experiments  along  this  line  an- 
other instrument  has  been  devised.  Attached  to  a 
vehicle  this  determines  the  amount  of  jolting  or  verti- 
cal movement  caused  by  different  degrees  of  roughness 
or  nneveneas  in  the  surfacing. 


TYPES  OF  HIGHWAYS  IN  NEW  YORK 
The  1921  annual  report  of  the  New  York  State  High- 
way Commission  shows  that  in  general  only  two  types 
of  pavement  were  constructed  in  New  York  State, 
concrete  and  bituminous  macadam.  Other  types  were 
built  to  such  slight  extent  as  to  be  almost  negligible. 


Of  all  the  higliways  constructed  in  1921,  56  per  cent 
were  of  concrete  and  44  per  cent  of  bituminous  mac- 
adam. In  every  instance,  comparative  estimates  were 
made  and  the  type  of  construction  determined  by  study 
of  the  estimates  in  connection  with  a  study  of  the 
local  condition,  available  material,  traffic  condilions, 
importance  of  the  liighway,  kind  of  soil,  and  the  char- 
acter of  the  country  through  which  the  road  was  to 
pass.  When  bituminous  macadam  was  selected,  it  was 
usually  of  a  thickness  of  approximately  two  and  one- 
half  times  that  of  concrete. 


CRUSHED  STONE  PRODUCTION  INCREASES 

Tlie  report  of  the  U.  S.  Greologieal  Survey  on  the 
production  of  stone  in  the  United  States  in  1921  shows 
that,  during  a  period  of  general  depression  in  the  in- 
dustry, the  revival  of  street  construction  in  cities  and 
villages  created  a  great  demand  for  paving  blocks  and 
increased  the  sale  of  curbing  and  flagging.  At  the  same 
time,  the  campaign  for  the  improvement  of  suburban 
and  country  roads  caused  an  increase  of  nearly  eight 
per  cent,  over  1920  in  the  output  of  crushed  stone. 
Decreases  were  noted  in  the  demand  for  stone  for 
otlier  purposes  than  road  and  street  construction. 


EUROPE  TO  AID  MOTOR  TOURISTS 

Many  long  wanted  changes  in  the  regulations  gov- 
erning motor  traffic  on  the  highways  of  Europe  will 
be  made  this  summer  as  the  result  of  the  labors  of  the 
International  Traffic  Congress  which  has  just  con- 
cluded its  session  in  Paris.  The  European  countries 
aim  to  encourage  the  motor  tourist  by  establishing  uni- 
form road  regulations  and  by  doing  away  with  many 
of  the  vexations  which  have  beset  them  in  the  past. 
The  congress  went  on  record  as  in  favor  of  the  total 
abolition  o  f passports,  one  of  the  most  important  of 
these  vexations. 


ILLINOIS  ANNOUNCES  1922  ROAD  PROGRAM 

A  recent  announcement  from  the  office  of  Governor 
Small  of  Illinnois  stated  that  1,050  mi.  of  new  paving 
would  be  constructed  in  1922  at  an  approximate  cost 
of  $30,000,000.  In  addition  to  the  688  mi.  already  con- 
tracted for  this  year,  3622  mi.  of  paving  are  planned 
for  and  contracts  will  be  let  as  soon  as  possible.  Con- 
struction of  this  mileage  will  exhaust  the  .$60,000,000 
bond  issue  of  1919  as  well  as  the  federal  aid  allotment 
for  Illinois.  Besides  the  paving,  the  program  calls  for 
122  mi.  of  grading. 


The  new  Ohio  River  highway  bridge  between  Iron- 
ton,  Ohio,  and  Russell,  Ky.,  which  was  recently  dedi- 
cated, was  constructed  in  274  days.  The  bridge  has  a 
main  span  of  725  ft.  and  the  whole  structure  is  1,425 
ft.  long  between  anchor  piers.  The  bridge  was  built 
with  private  funds  and  will  be  operated  as  a  toll 
bridge.    The  cost  of  the  bridge  was  about  $700,000. 
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MEETINGS 


Calendar  of  Coming  Meetings 

May  26-27  —  Dixie  lEghway  Association  —  Annual 
convention,  Jacksonville,  Fla.  Secretary,  M.  B.  Rob- 
erts, 302  First  National  Bank  Bldg.,  Chattanooga,  Tenn. 

June  4-6 — Aflierican  Association  of  Engineers — An- 
nual convention.  Salt  Lake  City,  Utah.  Secretary, 
C   E.  Drayer,  Chicago,  111. 

June  12-15 — Canadian    Good    Roads    Association — 

Ninth  annual  convention,  Victoria,  B.  C.  Secretary- 
treasurer,  George  A.  McNamee,  Birks  Bldg.,  Montreal, 
Canada. 

June  26-July  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineeis'  Club  Bldg.,  Phila- 
delphia, Pa. 

Aug.  9-10 — Ouster  Battlefield  Highway  Association 
—Annual  meeting,  Sheridan,  Wyo.  Secretary,  W.  D. 
Fisher,  Sheridan,  Wyo. 

Oct.  9-13 — American  Society  for  Municipal  Improve- 
ments— Annual  convention,  Cleveland,  0.  Secretary, 
Charles  Carroll  Brown,  St.  Petersburg,  Fla. 


ENGINEERS  MEET  TO  DISCUSS 

RESTRICTIONS  ON  AUTOMOBILES 

Equitable  distribution  of  taxes  for  road  construction 
and  maintenance,  including  motor  vehicle  license  fees, 
^^and  desirable  restrictions  of  size,  weight,  and  speed  of 
^^tehicles  using  the  roads  will  be  discussed  by  a  com- 
^^littee  of  engineers  which  will  meet  at  Washington, 
^^E).  C.    Participants  in  the  conference  will  represent  the 
^^^ssociation  of  State  Highway  Officials,  the  U.  S.  Bu- 
^^Keau  of  Public  Roads,  and  the  automotive  industry. 
I^P  Taxation  and  restrictions  are,  of  course,  legislative 
I       matters,  the  bureau  points  out,   but   any   agreement 
reached  between  the  national  and  state  government  of- 
ficials and  the  automotive  industry  will  have  an  im- 
portant bearing  on  legislation. 

The  Burea  of  Public  Roads  estimates  that  .$600,000,- 
000  was  spent  for  roads  in  1921,  derived  from  the  fol- 
lowing sources :  local  road  bonds  33  per  cent. ;  county, 
township,  and  district  taxes,  assessments,  and  appro- 
priations 14  per  cent ;  state  taxes  and  appropriations 
12  per  cent ;  state  road  bonds  7  per  cent ;  motor  vehicle 
license  revenues  19  per  cent;  federal  aid  14  per  cent; 
and  miseellaneovis  sources  1  per  cent. 

Much  light  has  been  thrown  upon  the  effect  of 
weight,  size,  and  speed  of  vehicles  by  recent  impact 
tests,  by  observation  of  sections  of  experimental  road 
tested  to  destruction  by  heavy  traffic,  and  by  traffic 
censuses  which  show  the  importance  of  motor  trans- 


port to  our  commercial  life.  It  is  well  established  that 
there  must  be  some  limit  to  the  loads  which  our  high- 
ways are  called  upon  to  carry,  says  the  bureau,  but  on 
the  other  hand  the  great  service  now  rendered  by  mo- 
tor transport  and  the  far  reaching  possibilities  of  the 
future  must  not  be  unduly  lessened  by  viewing  only 
one  side  of  the  question.  It  is  very  desirable,  the  bu- 
reau believes,  that  the  makers  of  motor  vehicles  and 
the  builders  of  roads  should  get  together  on  this  mat- 
ter. Development  of  roads  and  motor  transportation 
have  gone  hand  in  hand  in  the  past,  each  dependent  on 
the  other,  and  cooperation  and  mutual  understanding 
is  necessary  for  progress  in  the  future. 


CITY  PLANNING  SCHEME  FOR 

NEW  YORK  CITY  LAUNCHED 

Questions  of  highway  transport  will  play  no  small 
part  in  the  city  planning  scheme  recently  launched  by 
the  trustees  of  the  Sage  Foundation  at  a  meeting  held 
at  the  Engineering  Building  in  New  York  City.  The 
scheme  contemplates  comprehensive  and  coordinat- 
ed development  of  New  York  City  and  the  surrounding 
territory  within  lines  extending  from  the  far  end  of 
Long  Island,  through  Bridgeport,  Conn.,  West  Point, 
N.  Y.,  and  Trenton,  N.  J.,  to  the  coast.  Generally  speak- 
ing, the  plan  is  to  make  the  City  of  New  York  and 
the  300  cities,  towns,  and  villages  in  the  adjacent  terri- 
tory better  places  to  live  in  and  to  work  in.  There  are 
within  the  area  9,000,000  people  and  it  was  to  announce 
the  project  to  them  publicly  that  the  meeting  was  held. 
The  advance  work  will  be  completed  this  fall  and  it  is 
expected  that  in  about  two  years  a  definite  plan  em- 
bracing all  the  essentials  will  be  ready  for  presentation 
to  the  city  authorities. 


The  North  Dakota  Highway  Commission  estimates 
that  about  $3,000,000  will  be  spent  on  federal  aid  pro- 
jects in  North  Dakota  this  year.  Of  that  sum,  about 
.$2,000,000  will  be  expended  on  new  projects  and  about 
$1,000,000  on  projects  carried  over  from  1921. 


The  Supreme  Court  of  the  State  of  Wisconsin  in  a 

recent  decision  re-affirmed  the  right  of  the  state  rail- 
road commission  to  assess  against  railway  companies 
part  of  the  expense  of  the  elimination  of  dangerous 
grade  crossings. 


A  bill  has  been  introduced  in  Congress  to  provide 
for  the  return  from  Europe  of  motor-propelled  vehicles 
and  other  equipment  used  by  the  American  forces  in 
Germany  for  distribution  to  the  state  highway  depart- 
ments, and  for  other  purposes. 
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Personal     Mention 


ilonton  Anderson  has  bcon  I'loetod  city  ong^ini-cr  of 
Clinton,  la. 

Loslio  H.  Balknap,  Deputy  Comii'issioner  of  tbo  Mich- 
igan  State  Hijfhway  Oomiiiission.  has  resigned  and  will 
be  siieeeeded  by  (!.  C.  nillnian.  an  en>jineer  in  the 
maintenance  department. 

II.  P.  Borden,  sometime  member  of  tl.e  Board  of 
Knjfineers  o^the  Quebec  Bridge  and  fornier  consulting 
engineer  to  the  Dei)artment  of  Highways  and  Canals 
of  tlie  Canadian  Government,  has  opened  a  consulting 
office  in  Ottawa. 

Julius  Brown,  former  assistant  to  County  Engineer 
Davison  of  Waseco,  Minn.,  has  been  appointed  county 
engineer  of  Rock  County,  Minn. 

Walfred  Pregolie  has  been  appointed  village  engineer 
of  nibbing,  Minn. 

R.  H.  Fletcher.  Resident  Engineer  with  the  Montana 
State  Highway  Departiient,  has  resigned  to  boconie 
city  engineer  of  Helena,  Mont. 

Henrj'  A.  Fulenwiter,  of  Wilmington,  Del.,  lias  been 
appointed  town  engineer  of  New  Castle,  Del. 

H.  K.  Hawkins,  City  Bngineer  of  Eldorado,  Kan.,  has 
been  appointed  city  manager. 

B.  S.  Hummel  has  been  appointed  chief  of  tlie  bureau 
of  street  paving  of  the  department  of  public  works, 
Richmond,  Va. 

P.  J.  Hurtgen  has  been  appointed  city  engineer  of 
Kenosha.  Wis.,  to  succeed  B.  C.  Brennan,  resigned. 

Fred  W.  Lang  lias  been  appointed  city  engineer  of 
Concord,  N.  H.  to  succeed  W.  B.  Howe  who  died  April 
8. 

W.  L.  Lozier  has  been  appointed  engineer  in  charge 
«f  public  improvements  at  Reneca  Falls,  N.  Y. 

James  A.  Mortland,  Bridge  Engineer  of  the  Florida 
State  Highway  Department,  has  resigned  to  enter  pri- 
vate practice. 

C.  E.  Bice,  City  Engineer  of  Wooster,  Ohio,  lias  re- 
signed. 

(Seorge  C.  Standey  has  been  re-appointed  city  engineer 
of  Burlington,  Vt. 

R.  E.  Stoelting.  former  city  planning  engineer  of 
Milwaukee,  Wis.,  has  been  installed  as  commissioner  of 
public  works  to  succeed  Percy  Braman. 


C.  G.  Trowbridge,!  City  Engineer  and  Superintendent 
of  Construction  o.  Deeatur,  Ga.,  has  resigned  to  engage 
in  engineering  work  with  the  St.  Simons  Island  Invest- 
ment Co. 

J.  C.  Jones,  County  Engineer  of  Meade  Co.,  Kansas, 
!ia&  resigned  to  enter  private  practice  in  Wisconsin. 

John  H.  Dennis,  formerly  with  tlie  state  highway 
department  in  Michigan,  lias  been  appointed  county 
engineer  of  Genesee  Co.,  Michigan. 

Harvey  Fuller,  City  Engineer  of  Chatiiam,  Ont.,  has 
been  appointed  city  manager.  He  will  continue  his 
duties  as  city  engineer. 

David  B.  Miller  has  been  appointed  city  engineer 
of  Michigan  City,  Ind.,  to  succeed  D.  C.  Ford,  retired. 

C.  R.  Tillotson,  recently  of  Hutchinson,  Kansas,  has 
Ixen  appointed  county  engineer  of  Elk  Co.,  Kansas, 
to  succeed  C.  F.  Osborn,  retired. 


The  Daniel  Webster  H'ghway,  which  runs  from  tin' 
state  line  l)otwecn  Massachu.setts  and  .New  Hampshire 
nortliwai'd  tlu'ough  tiic  White  Mountains,  was  recently 
dedicated  at  the  boundary  line  where  Tyngsboro,  Mass.. 
and  Nashua,  N.  H.,  join,  by  officials  of  the  two  states. 
in  view  of  tlie  fact  that  Daniel  Webster  lived  much  of 
his  life  in  Mai-shfield,  Mass.,  there  is  a  movement  on 
foot  to  extend  the  Daniel  Welister  Memorial  Highway 
.-outliward  to  Boston  and  tlirough  Marshfield  to  Cape 
Cod. 

The  State  Highway  Commission  of  Pennsylvania  has 
assured  the  American  Legoin  tha*  all  its  engineers  and 
superintendents  liave  been  directed  in  engaging  em- 
ployees to  give  first  con^deration,  all  other  things 
being  equal,  to  ex-service  men. 


The  Automobile  Club  of  America  has  appointed  a 
committee  of  eighteen  to  pi'oiiiotc  the  plan  of  marking 
highways  by  number  which  has  been  adopted  by  the 
New  England  States. 


The  U.  S.  Bureau  of  Public  Roads  has  approved  the 
filial  plans  submitted  by  the  Indiana  State  Higliway 
Coiiiriiission  for  the  ideal  section  of  the  Lincoln  Iligli- 
way  which  is  to  be  built  in  Lake  Co.,  Indiana,  this 
year. 

The  cost  of  road  construction  in  Missouri  has  been 

so  materially  reduced  witliin  the  last  six  months  tliat 
it  lias  almost  reached  the  1914  pre-wai'  level. 
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Asphalt 
Products 


Standard  Asphalt  Binder  A  for  surface  triatment. 

Standard  Asphalt  Binder  B  for  penetration  work. 

Standard  Asphalt  Binder  C  for  the  mixing  method. 

Standard  Refined  Mexican  Asphalt  for  sheet  as- 
phalt paving. 

Standard  Asphalt  Joint  Fillers  for  brict  or  block  pave- 
ments 

Standard  Paving  Flux,  Standard  Brid^  Asphalt  and 
Preserving  Oils. 

STANDARD  OIL  CO.  OF  NEWYORK 

26  Broadway 


Specifications  and  all 
other  particulars  fur- 
nished on  request. 
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HEATER  and  DISTRIBUTOR 

will  beat  and  apply  all  varieties  of  bitumiaous  products 

now    in    use    for    road    construction    and    maintenance. 
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Tractors 

the  modem  power 


What  form  of  power  could  be  more  convenient  lor  the  road 
builder,  more  compact,  more  quickly  and  easily  handled 
— in  short,  more  modem,  than  a  good  tractor? 

It  is  the  saving  of  valuable  time,  the  handling  of  more  earth 
per  day,  the  steady  going,  uniform  "cut",  the  ability  to  work 
in  weather  and  under  conditions  unfavorable  to  animals, 
the  reduction  of  the  number  of  men  necessary — it  is  in  all 
these  and  more,  that  Best  Tractors  prove  their  true  value 
in  the  work  of  making  and  maintaining  roads  and  streets. 


■**. 


Best  "Sixty" 


Best  tractors  are  at  work  in  practically 
every  section  of  the  country,  operating 
elevating  graders,  plows,  scarifiers,  blade 
graders,  scrapers  and  the  other  tools  of 
road-making  and  engineering  work. 
During  the  years  that  many  of  them 
have  been  at  work,  Best  tractors  have 
earned  a  wide  reputation  for  dependa- 
bility and  low  cost  of  operation. 

It  is  the  "know-how"  of  the  Best  organi- 
zation that  accounts  for  Best  perform- 
ance. Best  design  and  choice  of  ma- 
terials are  the  result  of  many  years  of 


active,  successful  tractor-building  ex- 
perience,— experience  that  dates  from 
the  early  days  of  gas  tractors. 

There  are  three  models  of  Best  Tractors 
—the  "Sixty,"  the  "Thirty"  and  the 
"Cruiser"  (60).  All  are  f actory -built— 
not  assembled. 

Give  more  thought  to  the  question  of 
tractors.  Let  us  send  you  names  of 
owners  and  records  of  performance  for 
Best  Tractors,  also  specifications,  prices 
and  names  of  our  nearest  dealers. 


•BEST 


TRftCKLAYEI? 


"TRACTORS 


C  L»  Best  Tractor  Co. 

SAN  LEANDRO,  CALIFORNIA 
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The  Delaware  River  Bridge 

Construction  Under  Way  On  Huge  Structure  Which  Will  Span  the  Delaware 

River  Between  Philadelphia,  Pa.,  and  Camden,  N.  J.— World's  Longest 

Suspension  Bridge  to  Be  Completed  in  1926 


With  appropriate  ceremonies  participated  in  by  the 
governors  of  Pennsylvania  and  New  Jersey,  tlie  Dela- 
ware Bridge  Joint  (Commission,  and  the  mayore  of  the 
two  cities,  work  has  been  begun  on  the  Philadelphia- 
Camden  bridge.  This  bridge,  whieli  will  span  the 
Delaware  River  with  a  single  span  1,750  ft.  in  lengt'i 
and  will  link  two  cities  and  two  states,  will  be  larger 
than  any  existing  suspension  bridge  in  the  world. 
.Starting  in  Philadelphia  from  a  point  on  Sixth  Street 
midway  between  Race  and  Vine  Streets  opposite  Frank- 
lin Square,  it  will  cross  the  river  in  a  straight  line 
to  Pearl  and  Second  Streets  in  Camden  and  hence  curve 
southward  to  a  point  on  Penn  Street  midway  between 
Sixtli  and  Seventh  Streets.  The  cost  of  the  structur<! 
is  estimated  at  $28,871,000  and  it  will  be  completed 
in  time  for  the"  SesquiJCentennial  in  1926. 

^B  Historical 

^B  The  earliest  record  of  a   definite   project  to  build 
^B  bridge  across  the  Delaware  River  from  Philadelphia 
^K)  Camden  was  in  1818  when  an  application  was  made 
^■p   the    legislature    of   New    Jers'ey    and    later   to    the 
^^■gislature    of   Pennsylvania    to    build    a    bridge    from 
^Hie    Camden    shore    to    Windmill    (Smith's)    Island,    a 
^Histancc   of  2,200   ft.,  leaving  the  remaining  distance 
to    tlie    Pennsylvania   shore    to    be    (covered   by    feri'y. 
The  plans  for  this  bridge  bore  the   name   of  its  pro- 
jectors and  designers,  Farrand  and  Sharpe. 


There  doe.s  not  appear  to  have  been  any  organized 
effort  to  secure  a  bridge  over  the  Delaware  River 
until  the  legislature  of  New  Jersey,  by  an  act  passed 
in  1914,  provided  for  the  appointment  of  a  commission 
with  "power  to  construct  one  or  more  bridges  or 
tunnels  under  or  over  a  navigable  stream  or  river 
which  is  the  boundary  of  the  state."  This  commission 
was  not  fully  organized  until  1916.  It  made  a  report 
in  1918  which  suggested  a  bridge  and  advised,  a  gainst 
a  tunnel. 

In  December,  1914,  Council  of  the  City  of  Phila- 
delphia by  resolution  I'equested  the  eliief  engineer  of 
the  Bureau  of  Surveys  to  report  on  the  feasibility 
of  erecting  a  bridge  between  that  city  and  Camden. 
He  reported  in  December  1915  that  the  project  was 
perfectly  feasible  from  an  engineering  standpoint  and. 
in  February  1916,  an  ordinance  was  parsed  creating 
a   commission   to  investigate  further  into   the   matter. 

This  commission  was  superseded  by  a  Pennsylvania 
State  Commission  of  three  membei-s  authoi'ized  by  an 
act   of  legislatiii-e   in   July   1917. 

By  acts  of  the  legislature  of  New  Jersey  in  1918. 
the  Interstate  Bridge  and  Tunnel  Commission  was 
created  as  a  new  body  and  authorized  to  proceed  with 
the  construction  of  bridge*  and  tunnels  as  extensions 
of  the  state  highway  .system.  This  commii^sion  joined 
with  the  Pennylvania  commission  and  engaged  Dr. 
Warren    P.    Laird,     Consuling    Architect,     ot    make 
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studies  and  report  upon  a  location  for  a  bridge  over 
the  Delaware  River.  He  reported  in  November,  1918. 
and  recommended  what  is  known  as  the  Washington 
.^luare-Federal  Street  site. 

In  1919.  the  legislature  of  Pennsylvania  and  New 
Jersey  pa  sed  uniform  laws  which  created  the  present 
Delaware  River  Bridge  Joint  Connuission  with  full 
authority  to  proceed  with  the  construction  of  the 
bridge.  This  comniissioi\  in  tieptemher  1920  engaged 
a  board  of  engineers  composed  of  Ralph  Modjeski, 
Chairman,  George  S.  Webster,  and  Laurence  A.  Ball. 
After  careful  study  of  the  character  of  foundations, 
conditions  of  traffic,  land  values  and  costs  at  the  most 
favorable  site,  the  board  of  engineers  presented 
their  report  in  June,  1921.  Tlii;  report  recommended 
the  h'ranklin  Square-Pearl  Street  location  and  gave 
general  plans  and  estimates  for  the  structure,  and 
is  the  basis  for  tlic  const luetion   now   under   way. 

Hen  Who  Are  Creating  the  Bridge 
The  Delaware  River  Bridge  Joint  Commission  is  made 
up  of  the  following  men  :  Pennsylvania,  Governor  Wil- 
liam G.  Sproul,  Chairman;  Mayor  J.  Hampton  Moore 
of  Pinladelphia ;  State  Trea  urer  Charles  A.  Snyder, 
Auditor  General  Samuel  S.  Lewis,  Thomas  B.  Smith, 
Richard  Weglein,  Samuel  A.  Vauclain,  Tliomas  J.  Jeff- 
ries, New  Jersey ;  T.  Albeus  Adams,  Thomas  J.  S.  Bar- 
low, Theodore  Boettger,  John  F.  Boyle,  l<Vank  F.  Gal- 
laher,  Weller  H.  Noyes,  Samuel  M.  Shay,  Charles  S. 
Stevens ;  legal  counsel,  Robert  S.  Gawthop,  Fred  Taylor 
Pusey.  David  J.  Smyth,  Joseph  Costello,  iSeeretary; 
Charles  R.  Bacon,  Arsistant  Secretary ;  Edward  I.  Ed- 
wards, Jr.,  Treasurer;  John  F.  Whitaker,  Assistant 
Treasurer. 

The  board  of  engineers  retained  Leon  S.  MoiseifE 
as  consulting  designing  engineer  and  made  the  fol- 
lowing api>ointments:  Paul  P.  Cret,  Architect;  Ar- 
nold W.  Brunner,  Consulting  Architect;  Clement  C. 
Cha?e,  Principal  Assistant  Engineer;  E.  B.  Bergendahl, 
Chief  Draftsman  and  Assistant  Engineer,  and  M.  B. 
Case,  Principal  Construction  Engineer. 

Credit  sliould  also  be  given  to  U.  S.  Senator  Edge, 
former  Governor  of  New  Jersey,  who  helped  maintain 
state  and  national  endorsement  of  the  bridge  and  to 
Representative  Darrow  of  Pennsylvania  who  cooperat- 
ed with  Senator  Edge. 

Location 

The  act  of  Congress  winch  granted  authority  for 
the  construction  of  the  bridge  defined  the  limits  of 
location  as  Greene  Street,  Philadelphia,  on  the  north 
and  South  Street  on  the  south  to  points  approximately 
opposite  in  Camden.  Within  this  zone,  there  are  no 
natural  features  on  either  side  of  the  river  that  ob- 
viously determine  the  location.  A  free  hand  was, 
therefore,  given  to  the  selection  of  the  most  advan- 
tageous rite. 

The  considerations  which  moved  the  board  in  se- 
lecting   the   «te    took    into    account    the    fact    that 


the  bridge  connecting  the  two  states  should  be  a 
proper  and  logical  extension  of  the  state  liijjhwiiy 
.systems  and  aho  tliat  it  is  to  be  a  direct  link  Ix'twceii 
lthe  intei-related  eoininunities  on  the  opptisitc  hanks. 
The  site  was  chosen,  tlien,  to  attain  a  carelul  balaiieinii 
of  the  ends  and  to  serve  the  best  interests  of  all  the 
communities  concerned.  The  bridge  will  serve  all 
classes  of  vehicular  and  passenger  trafftc  and  a  com- 
promise had  to  be  made  to  their  different  demands  and 
dedred  routes  of  travel,  as  well  as  provision  for  the 
increase  in  traffic  in  the  future.  Besides  convenience 
of  use,  the  cost  of  construction  at  various  locations 
had  to  be  considered  and  attention  given  to  founda- 
tion conditions,  required  length  of  span  and  approachc; . 
and  necessary  disturbance  of  existing  structures  and 
interference  with  business. 

Special  studies  of  the  cross-river  traffic  served  to 
emphasize  the  convenience  of  the  Franklin  Square- 
Pearl  Street  site  to  the  majority  of  those  wlio  will  use 
the  bridge  and  test  borings  and  development  of  de- 
sign showed  the  advantage  in  the  economy  of  con- 
struction. 

The  Franklin  Squai-e  plaza  is  two  blocks  north  of 
Market  Street  and  within  easy  walking  distance  of  the 
rhopping  and  business  district  of  Philadelphia  and  is 
adapted  to  the  existing  transportation  system  and 
planned  and  authorized  extensions  of  rapid  transit.  Ir 
is  as  close  to  the  origin  and  destination  of  vehicular 
traffic  as  it  is  possible  to  locate  an  approach.  Distribu- 
tion is  po.ssible  by  direct  routes  to  all  parts  of  the  city 
and  over  its  boundaries.  These  routes  are  ample  both 
as  to  number  and  direction  they  take.  The  widening 
of  some  streets  is  planned  in  connection  with  the  ])laza 
and  approach  to  the  bridge. 

On  the  New  Jersey  side,  the  approach  will  give  dis- 
tribution of  vehicular  traffic  at  a  plaza  convenient  to 
the  actual  focusing  point  of  the  state  highways  and 
will  not  involve  forcing  through  traffic  into  Camden'' 
business  streets  or  on  a  long  detour.  A  boulevard  is 
planned  from  the  bridge  to  the  Court  House  and  other 
improvements  to  make  the  approach  beautiful  and 
dignified  as  well  as  convenient  for  traffic.  A  loop  line 
of  bridge  cars  is  proposed  which  will  make  connec- 
tion with  the  present  New  Jersey  traction  system  and 
the  Pennsylvania  Railroad  at  its  Broadway  station. 

Design 

The  bridge,  as  planned,  is  a  two-cabled  suspiuisioo 
type.  The  distance  between  the  pier  heads  is  1,690  ft. 
With  main  piers  60  ft.  wide,  the  main  span  is  1,750  ft. 
The  span  of  the  Brooklyn  bridge  is  1,796  ft.  and  tli'' 
span  of  the  Williamsburg  bridge  is  4  ft.  longei-,  so  that 
the  Delaware  River  bridge  marks  a  decided  advance 
in  length  of  span,  surpassing  by  150  ft.  the  longest 
suspension  bridge  in  the  world.  The  distance  between 
the  anchorages  is  3,  189  ft.  The  overhead  clearance 
is  135  ft.  above  mean  high  water. 

The  Warren  trusses  were  adopted  for  the  approaches 
to  harmonize  with  the  main  span  construction.     The 
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spans  range  in  length  from  132  to  192  ft.,  most  of 
them  being  160  ft.  The  trusses  are  placed  95  ft.  center 
to  center.  One  track  is  carried  on  the  inside  and 
one  on  the  outside  of  each  truss.  The  trusses  and  foot- 
walks  above  them  follow  the  gradient  of  the  transit 
tracks  for  which  a  maximum  grade  of  5.22  per  cent 
was  decided  upon.  The  roadway  is  on  a  lighter  grade 
not  in  excess  of  3.5  per  cent.  Where  the  approaches 
aie  near  ground  level,  the  roadway  and  tracks  are 
eairied  on  earth  fill  between  concrete  retaining  walls 
of  gravity  section.  ThcFC  walls  will  be  faced  with 
granite  and  topped  with  a  granite  balustrade.  Tiie 
roadway  on  both  the  approaches  is  widened  from  tlie 
57-ft.  width  of  the  main  span  to  63  ft. 

A  live  load  of  12,000  lb.  per  lin.  ft.  wa.s  used  to 
cover  the  condition  of  absolute  maximum  congested 
traffic  and  all  parts  of  the  bridge  designed  to  with- 
stand the  resulting  stresses.  The  dead  load  was  figured 
fi-om  information  as  to  the  weight  of  similar  structures 
and  streets  and  sections  of  members  computed  on  that 
liasis.  The  roadway  floor  was  designed  to  carry  at 
any  point  a  moving  load  of  30  tons.  Wind  loadin;!,- 
was  considered  to  cause  a  pressure  of  50  lb.  per  sq.  in. 
of  exposed  area.  Temperature  stresses  were  compiled 
for  a  vai'iation  of  55  degrees  above  and  below  normal 
temperature. 

The  dimension  which  has  the  most  important  bear- 
ing on  the  economy  of  design  of  a  suspension  bi-idge 
is  that  of  sag,  or  versed  sine,  given  the  cables.  This 
dimension  is  the  vertical  distance  between  the  highest 
point  of  the  cable  curve  at  the  towers  and  its  lowest 
point  at  mid-span.     This  distance  is  200  ft. 

This  large  versed  sine  results  in  the  towers  attain- 
ing a  heighth  of  about  380  ft.  above  the  water  line. 
The  tower  legs  liave  a  width  parallel  to  the  cables  of 
12  ft.  at  tlie  top  widening  to  40  ft.  at  the  base.  Trans- 
versely, the  width  is  7  ft.  for  all  points  above  the  floor 
level.     The  towei-s  are  of  steel  construction. 

The  anchorages  are  of  masonry  designed  as  a  mono- 
lith. Each  anchorage  will  require  90,700  cu.  yd.  oi' 
masonry  and  will  rest  on  gravel  sti-ata  and  on  incline.! 
caissons  extending  down  to  rock  or  other  satisfactoiy 
material.  The  horizontal  pull  of  the  cables  combined 
with  the  weight  of  tlie  anchorage  produces  a  resultant 
inclined  to  the  vertical  about  1  ft.  in  6  ft.  It  is  in- 
tended to  sink  20  small  caissons  to  hard  foundations 
wi..L  the  same  inclination  as  the  resultant  of  the  forces. 
To  give  access  to  and  from  the  river  for  passengers, 
elevatoi-  sliafts  witli  an  ultimate  capacity  of  four  pas- 
enger   elevators   were    provided   in   each   anchorage. 

le  anchorages  are  the  principal  architectural  featuj'cs 
bf  the  design  and  their  treatment  is  based  on  the  prin- 
fciple  of  expressing  the  constructive  features  and 
Ichieving  a  decoi-ative  effect  by  an  outline  of  tlie 
reatest  simplicity. 

The  suspension  bridges  over  the  East  River  in  New 
fork  are  of  four  cable  design.  The  choice  of  a  two 
ible  design  foi-  tlie  Delaware  River  bridge  requires  an 


increase  in  cable  diameter  from  20.5  in.,  on  the  Man- 
hattan bridge,  to  30  in.  Despite  this  increase,  the 
manufacture  and  erection  of  the  cables  involves  no 
new  or  untried  procedure.  Each  wire  of  the  16,500 
composing  each  cable  is  approximately  the  same  diam- 
eter as  previously  used  and  can  be  put  in  place  by 
methods  and  with  apparatus  similar  to  that  used  witli 
smaller  cable.  The  single  wires  are  0.192  in.  in  diam- 
eter and  are  placed  individually  and  parallel  to  make 
61  strands  which  are  bound  together  and  wrapped  with 
serving  wire  to  make  up  the  completed  cable.  Every 
20.5  ft.  measured  horizontally,  a  circumferential  east 
steel  saddle  is  fastened  to  the  cable  over  which  four 
galvanized  wire  ropes,  2%  in.  diameter  each,  are  hung 
to  carry  the  suspended  structure.  The  cables  rest  on 
cast  steel  saddles  on  the  towers  and  at  the  anchorages. 
Back  of  the  anchorage  saddles  they  are  fastened  to 
anchor  chains  and  imbedded  in  the  mass  of  anchorage 
masonry. 

The  function  of  tlie  stiffening  trusses  is  to  distribute. 


WEST    ANCHORAGE    AT    PHILADELPHIA 

more  or  less  uniformly,  the  discontinuous  and  concen- 
trated live  loads  that  come  upon  the  bridge.  The  dead 
load  of  the  trusses  themselves  and  the  floor  system  is 
carried  by  the  main  cables.  It  is  good  design  to  select 
trusses  of  rigidity  sufficient  for  tlie  character  of  travel 
without  employing  too  much  material.  Therefore  a 
liigh  strength  steel  is  used.  Depth  of  truss  is  28  ft. 
and  the  panel  length  is  20.5  ft.  for  the  main  span  and 
20.75  ft.  for  the  side  spans. 

The  short  panels  of  the  stiifening  trusses  result  in 
an  economical  and  simple  floor  system.  All  i-oadway 
and  track  stringers  are  rolled  beams.  The  tracks  are 
carried  on  steel  ties  and  the  roadway  paving  on  rein- 
forced concrete  slabs  with  adequate  provision  for  ex- 
pansion and  contraction. 
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The  roadway  is  57  ft.  wide  from  curb  to  curb  to 
take  care  of  six  lines  of  traffic.  The  bridge  also  car- 
ries two  lines  of  surface  car  ti-acks  and  two  lines  of 
rapid  transit  tracks  on  the  main  deck.  Above  there 
are  two  10-ft.  sidewalks.  Tlio  total  width  is  125  ft.  6 
in.  as  compared  to  123  ft.  for  the  Manhattan  bridge 
and  86  ft.  for  the  Brooklyn  bridge. 

Materials 
All  main  truss  members,  towers,  floor  beams,  and 
some  bracing  will  be  of  high  strengtli  alloy  steel.  A 
medium  carbon  s-teel  will  be  used  for  the  remaining 
steel  construction  except  the  cables  and  hangei-s  of  the 
suspension  design.  For  tiiem.  liigh  carbon  steel  wire 
possessing  even  greater  strengtli  than  that  ufcd  in  the 
New  York  bridges  will  be  available.     All  exposed  ma- 


sonry construction  will  be  of  granite  witli  backing  or 
cores  of  concrete.  Reinforced  coneiete  will  be  utilized 
for  the  roadway  slab  and  for  certain  structural  ele- 
ments in  the  approach  .subway?  and  anchorages.  The 
roadway  will  be  paved  with  wood  block. 

Cost 

The  cost  of  the  structure,  estimated  at  $28,871,000. 
will  be  shared  by  New  Jersey,  Pennsylvania,  and  the 
City  of  Philadelpliia.  The  apportionment  is  as  fol- 
lows: New  Jersey,  $12,429,000;  Pennsylvania,  $8,221,- 
000;  Philadelphia,  $8,221,000. 

The  construction  will  go  hand  in  hand  with  the  great 
exposition  planned  for  1926  and  the  bridge  will  be  com- 
pleted by  July  4  of  that  year,  the  Sesqui-Centennial  of 
the  Declui'iition  of  Independence. 


Status  of  Highway  Curves  and  Recommended 
Practise  to  Increase  Safety  of  Traffic 


By  H. 

The  importance  of  safety  on  the  highway,  considered 
more  or  less  vaguely  by  all  those  interested  in  highway 
traffic,  becomes  tangible  through  definite  figures.  There 
are  now  registered  in  the  United  States  10,500,000  mo- 
tor vehicles.  This  year's  increase  to  tliat  number  is  esti- 
mated by  manufacturers  at  1,800,000.  The  risk  to 
safety  lies  in  the  congestion  of  90  per  cent  of  these 
veiiides  upon  10  per  cent  of  our  roads.  This  risk  we 
must  minimize.  Tliat  it  is  at  present  fraught  with 
appalling  loss  of  human  life  is  evidenced  by  the  casual- 
ties from  automotive  vehicle  accidents,  a  loss  yearly 
greater  than  is  incurred  by  all  other  means  of  trans- 
portation combined. 

The  majority  of  these  accidents  of  congestion  occur 
under  five  conditions,  all  of  winch  roadbuilders  may 
help  to  eliminate : 

1.  Sight  distance  on  curves,  both  horizontal  and  ver- 
tical, which  is  insufficient  to  |>ermit  precaution  against 
the  other  man's  reckless  driving.  Lack  of  sight  dis- 
tance also  increases  the  accidents  at  intersecting  roads 
and  at  railroad  crossings. 

2.  Insufficient  width  of  pavement,  especially  in  con- 
gested districts,  which  increases  the  number  of  cars 
that  turn  turtle  on  soft  shoulders  and  hurtle  down  un- 
protected slopes. 

3.  The  inadequate,  irregular,  and  improper  spacing 
of  danger  signs  which  encourages  a  general  careless- 
ness of  their  import.  Judged  by  the  number  of  acci- 
dents in  their  vicinity,  they  are  a  spur  to  the  reckless- 
ness of  the  joy  rider  and  a  consequent  risk  to  his  sober 
brethren. 

4.  The  tendency  of  detours  under  traffic  to  become 
almost  impassable.     On  heavy-travelled  routes,  traffic 
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going  in  different  directions  should  be  routed  over  dif- 
ferent detours  or  if  detours  are  inadvisable  on  account 
of  dangerous  or  impassable  conditions,  the  road  sliould 
be  built  horizontally  a  half  at  a  time. 

5.  Railroad  grade  crossing's. 

To  help  prevent  accidents  to  wliich  these  and  other 
highway  conditions  are  conducive,  we  may  proceed 
at  four  points;  first,  to  secure  good  design  for  new 
roads;  second,  to  promote  adequate  improvement  of 
old  roads ;  third,  to  insist  upon  reconstruction  of  exist- 
ing roads  at  places  that  liave  proven  especially  dan- 
gerous such  as  grade  crossings;  fourh,  to  improve  the 
location  of  the  center  line  on  dangerous  curves  and 
elevations.  Under  these  headings  the  following  rec- 
ommendations are  made.  They  aim  to  promote  the 
saftey  of  the  traveling  public  as  far  as  impersonal  fac- 
tors can  do  it,  and  they  aim  to  diminish  as  far  as  pos- 
sible the  personal  menace  projected  by  the  reckless 
driver. 

First  of  all,  under  the  consideration  of  general  safe- 
ty for  traffic,  comes  the  necessity  of  standard  practice 
throughout  the  counry  in  respect  to  placement  of  dan- 
ger signals,  elevation  and  banking  of  curves,  widen- 
ing and  regulation  of  traffic  on  curves. 

Standarization  in  these  mattei's  is  imperative  be- 
cause, with  the  completion  of  transcontinental  routes, 
there  is  increasing  interstate  traffic.  Drivers  traveling 
to  remote  sections  cannot  be  evpected  to  a])prehend  dis- 
tinctions in  practice  now  existhig  between  different 
highway  departments;  yet  departure  in  one  state  from 
what  they  have  become  accustomed  to  expect  in  others 
is  a  frequent  cause  of  disaster.  There  is  no  real  ob- 
stacle in  the  way  of  this  standardization.  It  is  merely 
a  matter  of  agreement  among  state  highway  officials 
and  motor  organizations. 

Therefore,  your  committee  proposes  that  you  discuss. 
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alter  and  finally  recommend  for  standard  practice  the 
following  resolutions  in  respect  to  general  safety  of 
highway  traffic  and  to  special  precautions  on  curves : 

P"'irst,  that  on  all  curves  of  more  than  three  degrees 
the  pavement  and  inner  lialf  of  the  eartli  shouId,er  be 
banked.  This  super-elevation  should  vary  from  zero 
for  a  three-degree  curve,  to  1  in.  per  ft.  of  width  for 
curves  of  twenty  degrees  or  sharper. 

Second,  that  on  all  curves  of  more  than  four  degrees 
the  pavement  be  widened  on  the  inside  0.5  ft.  for  each 
one  degree  increase  in  curvature. 

The  Avidening  and  banking  on  a  four-degree  curve 
should  start  at  a  minimum  of  50  ft.  before  reaching 
the  P.  C.  and  come  to  the  fully  widened  and  banked 
section  at,  or  very  soon  after,  reaching  the  P.  C.  In- 
versely, the  regular  section  should  be  reached  at  a  min- 
imum of  50  ft.  beyond  the  P.  T.  For  a  twenty-degree 
curve,  this  varying  or  transitional  width  should  be 
about  150  ft.  long,  with  proportional  lengths  for  in- 
termediate  curvatures. 

Tliird,  that  a  line  about  four  inches  in  width  of  ap- 
propriate color  be  painted  on  the  center  line  of  pave- 
ment on  all  curves,  this  painted  line  to  be  renewed  as 
necessary  in  order  to  keep  it  conspicuous  and  that  it 
may  indicate  to  traffic  in  each  direction  the  limit  of 
its  half  width  of  pavement. 

Fourth,  that  all  sharp  or  dangerous  curves  cither 
simple  or  reverse,  horizontal  or  vertical,  should  be 
posted  about  500  ft.  fom  each  end  with  a  sigh  indi- 
cating that  danger  exists  and  the  direction  of  curva- 
ture. Railroad  crossings  at  grade  should  be  posted 
in  a  similar  manner. 

Fifth,  that  the  National  Highway  Traffic  Association 
recommend  to  all  legislative  committees  preparing  mo- 
tor traffic  laws  that  the  attempt  to  pass  a  motor  vehicle 
while  going  in  the  same  direction  on  a  curve,  either 
horizontal  or  vertical,  where  the  unobstructed  line  of 
vision  is  less  than  500  feet  be  made  a  misdemeanor  and 
tliat  all  damages  resulting  from  an  accident  under  these 
circumstances  be  placed  upon  the  passer. 

Sixth,  that  the  minimum  radius  of  curves  be  300  ft. 
unless  prevented  by  an  approach  to  a  bridge  not  prac- 
ticable to  change,  or  the  improvement  being  on  a  vil- 
lage or  city  street;  even  to  the  end  that  new  riglit  of 
way  shoiild  be  procured  in  order  to  increase  the  radius, 
bearing  in  mind  that  the  improvement  is  being  made 
for  a  long  time,  and  that  land  values  may  increase  to 
an  extent  prohibitive  to  procuring  more  right  of  way. 
Seventh,  that  providing  there  is  sufficient  space 
within  the  right  of  way  earth  slopes  be  carried  out 
with  a  4  to  1  slope.  If  this  is  not  possible,  guide  rail 
should  be  placed  on  the  inner  edge  of  all  curves  of  more 
than  eight  degrees.  This  rail  should  be  kept  painted 
white  and  be  about  4  ft.  in  height. 

Eighth,  that  in  order  to  prevent  the  shoulders  ad- 
jacent to  hard  surfaced  pavements  from  being  gouged 
out,  gravel  or  crushed  stone  (No.  ly^  and  No.  21/0  size 
mixed  and  filled  with  screenings)  shovild  be  placed  2  ft 


in  width  and  4  in.  in  depth  on  each  side,  maintained 
at  the  level  of  the  pavement.  An  application  of  hot 
tar  or  asphalt  on  this  gravel  or  stone  will  be  found 
beneficial. 

Ninth,  that  all  advertising  and  other  signs  and  ob- 
structions along  highway  routes  be  eliminated  except 
those  erected  by  direction  or  permission  of  officials  hav- 
ing jurisdiction  over  the  highways  and  for  public 
benefit. 

Tenth,  that  a  definite  sum  be  set  aside  annually  by 
each  highway  department,  and  a  comprehensive  plan 
devised  on  which  annual  progress  is  made,  for  the 
elimination  of  the  most  dangerous  grade  crossings. 

There  are  also  suggestions  and  projects  for  the  fu- 
ture that  your  committee  would  like  to  offer  as  a  sort 
of  progress  report  for  your  comment  and  opinion. 

We  believe  that,  to  minimize  danger,  the  proper 
highway  officials  in  each  community  should  make  a 
survey  of  the  bridges  in  that  community  and  determine 
to  what  extent,  if  any,  they  have  to  be  strenghened 
in  order  to  assure  adequate  support  toincreasing  traffic. 
At  present,  some  of  us  are  in  daily  fear  of  disaster  to 
heavy  motor  buses  laden  with  humanity. 

We  believe  that  many  congested  rovites  should  be 
widened  as  an  economic  and  satisfactory  method  to 
safeguard  traffic. 

We  question  whether  the  increased  security  to  the 
public  and  saving  of  time  would  not  justify  the  cost 
of  grade  separations  for  traffic  at  intersecting  crossings 
on  heavily  congested  routes  approaching  large  cities. 

These  suggetions  are  debatable.  Are  they  suffi- 
ciently valuable  to  be  accepted  as  hypotheses  to  be 
proven  by  experimentation? 


LINCOLN  HIGHWAY  IN  NEVADA  ASSURED 

Contracts  for  the  improvement  of  the  Lincoln  High- 
way across  Nevada  involving  an  expenditure  of  $1,- 
500,000  have  been  approved  by  the  Nevada  Highway 
Commission  and  the  attorney  general  of  the  state  and 
have  been  signed  by  the  president  of  the  Lincoln  High- 
way Association.  These  contracts  involve  $100,000  of 
the  funds  of  that  association  which  were  required  to 
assist  the  State  of  Nevada  in  meeting  the  federal  aid 
as  provided  in  the  Highway  Act  of  1921.  In  consid- 
eration of  this  contribution,  the  state  has  undertaken  to 
bring  to  completion  before  June,  1924,  all  the  poor 
sections  between  the  Utah  line  and  Reno. 


RAILROAD  FREIGHT  RATES  REDUCED 

Under  a  decision  of  the  Interstate  Commerce  Com- 
mission announced  May  24,  railroad  freight  rates  will 
be  reduced  on  July  1  by  amounts  equal  to  10  per  cent 
of  their  present  levels.  Practically  all  classes  of  com- 
modities are  affected  by  the  decision  whicli  is  the  result 
of  an  investigation  into  the  reasonableness  of  the  ex- 
isting freiglit  level?  begun  by  the  commission  last  au- 
tumn. 
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Traffic  Capacity  and  Widths  of  Highways 
Outside   of   MunicipaHties' 


By  H.  C.   SMITHt 


There  has  been  a  large  quantity  of  statistical  data 
compiled  throughout  the  country  in  the  nature  of 
trafHc  census  and  many  traffic  studios  have  been  made 
to  determine  the  future  traffic  for  given  highways. 
Most  of  such  data  is  not  of  maximum  value,  however, 
in  determining  the  desirable  width  of  roadways  for  a 
given  traffic,  in  as  much  as  the  variation  in  speeds  of 
various  classes  of  vehicles  generally  is  not  given  con- 
sideration. Any  computation  of  required  width  of 
roadway  based  upon  the  assumption  that  all  the  traffic 
on  a  given  highway  outside  of  a  municipality  will 
travel  at  a  common  speed  should  be  used  with  great 
reserve,  as  the  assumption  is  obviously  incorrect  in  all 
but  exceptional  cases. 

For  the  greater  part,  highways  outside  of  municipal- 
ities need  have  but  two  lanes  to  care  for  the  traffic 
which  they  are  called  upon  to  accommodate.  High- 
ways leading  into  large  municipalities,  or  connecting 
nearby  cities,  however,  present  a  problem  that  calls 
for  careful  solution  in  as  much  as  they  may,  and  often 
do,  carry  traffic  that  varies  in  speed  from  about  3  mi. 
per  hour  to  35  mi.  per  hour.  In  many  cases,  the  quan- 
tity of  traffic  approaches,  and  often  exceeds,  the  econ- 
omical traffic  capacity  of  a  two  lane  roadway,  al- 
though computations  may  show  that  the  amount  of 
traffic  anticipated  from  traffic  surveys  could  be  car- 
ried adequately  by  a  two  lane  roadway  if  the  traffic 
is  assumed  to  travel  at  a  common  uniform  and  prop- 
erly selected  speed. 

In  cases  of  highways  whioh  are  to  carry  congested 
traffic,  the  designing  engineer  must  give  careful  con- 
sideration to  all  functions  of  a  roadway  which  should 
affect  his  decision  in  choosng  the  number  of  lanes  of 
traffic  to  be  required  and  the  modifications  of  widths 
of  roadways  and  shoulders  for  any  given  number  of 
lanes.  The  functions  of  a  roadway  which  thus  affect 
the  design  of  its  width  are  enumerated  as  follows: 

1.  To  provide  a  sufficient  number  of  lanes  to  carry 
the  traffic  that  comes  upon  it. 

2.  To  provide  means  of  allowing  fast  moving  vehicles 
to  pass  vehicles  moving  more  slowly,  the  speeds  being 
within  legal  and  operating  limits. 

3.  To  provide  for  the  ranking  of  vehicles  at  the  road- 
side in  such  cases  as  for  necessary  temporary  repairs. 

4.  To  be  of  such  a  width  as  to  discourage  the  taking 
of  dangerous  chances  by  operation  of  vehicles. 

When  a  two  lane  roadway  has  become  so  congested 
that  it  is  impossible  to  operate  a  vehicle  without  con- 
siderable loss  of  time  due  to  traffic  delay,  its  economic 

*Committ««  report  presented  at  the  annual  meeting  of 
the  National  Highway  Traffic  Asiiociatlon. 

tAMlatajJt  ProfecBor  of  Highway  Engineering  and  High- 
way Transport,  University  of  Michigan. 


traffic  capacity  has  been  exceeded.  This  degree  of 
congestion  occurs  for  a  traffic  count  of  a  great  deal 
less  than  that  equal  to  the  computed  traffic  capacity 
oi:  the  roadway  when  variation  in  speed  is  not  con- 
sidered. As  the  amount  of  traffic  or  speed  variations 
increase,  the  possibility  of  passing  a  slowlj'  moving  ve- 
hicle when  it  is  overtaken  becomes  less.  Ultimately,  it 
becomes  entirely  impossible  for  vehicles  to  pass  each 
other  and  all  traffic  must  assume  the  speed  of  the  slow- 
est moving  vehicle. 

To  emphasize  the  relation  that  should  exist  between 
traffic  and  roadway  widths,  the  results  of  office  com- 
putations and  field  observations  of  traffic  operation 
made  by  the  chairman  of  the  committee  may  be  of  in- 
terest. 

For  one  typical  series  of  investigations  for  a  two  lane 
roadway,  a  traffic  of  750  vehicles  per  hour  was  as- 
sumed, 500  of  which  traveled  in  one  direction,  the  re- 
mainder traveling  in  opposite  direction.  Three  assump- 
tions as  to  variation  in  speeds  were  made. 

First:  3  per  cent  were  assumed  to  travel  at  3  mi. 

per  hour,  10  per  cent,  at  10  mi.  per  hour,  57  per  cent. 

at  20  mi.  per  liour  and  30  per  cent,  at  30  mi.  per  hour. 

Second:  13  per  cent,  were  assumed  to  travel  at  10 
mi.  per  hour,  57  per  cent,  at  20  mi.  per  hour  and  30  per 
cent,  at  30  mi.  per  hour. 

Third:  13  per  cent,  were  assumed  to  travel  at  10 
mi.  per  hour  and  87  per  cent,  at  20  mi.  per  hour. 

It  was  found  under  the  first  assumption  that  the 
meeting  of  two  of  the  three-mile-per-liour  vehicles 
slowed  down  traffic  each  way  along  the  road  for  d 
distance  of  one-quarter  mile.  The  meeting  of  vehicles 
of  various  faster  speeds  affected  the  movement  of  traf- 
fic similarly  but  to  a  less  degree.  It  was  also  evident 
that  750  vehicles  per  hour,  two-thirds  of  which  is  trav- 
eling in  one  direction  and  under  the  first  outlined  as- 
sumption as  to  variation  in  speeds,  could  not  be  oper- 
ated on  a  two  line  roadway. 

Under  the  second  assumption  of  speeds,  the  meeting 
of  two  slow  vehicles  affected  the  traffic  for  a  distance 
each  way  along  the  road  of  300  ft.,  and  the  operation 
of  the  traffic  under  this  assumption  was  entirely  pos- 
sible. 

Under  the  third  assumption,  the  traffic  was  shown  to 
operate  smoothly  and  the  quantity  could  have  been 
considerably  increased. 

The  results  of  these  computations  were  checked  by 
observing  the  operation  of  traffic  on  roadways  leading 
into  Detroit,  and  the  observed  effect  of  varying  speeds 
checked  the  calculations  quite  closely. 

The  foregoing  result®  should  be  compared  with 
computations  based  upon  the  assumption  that  all  vehi- 
(Continued    on    page    302) 
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THE  DELAWARE  RIVER  BRIDGE 

In  1883,  the  first  suspension  bridge  over  the  Bast 
River  between  New  York  and  Brooklyn  was  opened 
to  traffic  and  hailed  as  one  of  the  wonders  of  the 
world  Nearly  50  years  have  elapised  since  the  Brook- 
lyn bridge  was  planned  and  designed,  and  during  thai 
period  only  one  bridge,  the  Williamsburg,  has  ex- 
ceeded it  in  length  of  span.  Now  work  has  been  begun 
on  a  suspension  bridge  which  surpasses  the  Brooklyn 
bridge  in  length  of  span  by  154  feet.  That  increase 
in  length  marks  the  development  in  suspension  bridge 
design  over  a  period  of  50  years.  In  designing  the 
Delaware  River  bridge,  the  engineers  liave  been  able 
to  benefit  by  50  years  experience  in  the  construction 
and  use   of  suspension  bridges. 

A  comparison  of  the  slow  development  in  design  and 
construction  of  suspension  bridges  witli  rapid  progress 
in  design  and  construction  of  modern  hard  surface 
liighways  showed  a  marked  contrast.  The  highway  en- 
gineer has  no  such  basis  for  his  calculations  as  the 
bridge  engineer.  The  work  of  constructing  paved 
highways  has  been  in  progress  a  comparatively  short 
time  and  so  rapid  has  been  the  changes  in  the  types 
of  traffic  accommodated  that  past  experience  is  of 
little  value  to  him.  Lacking  experience  over  a  period 
of  years,  the  liiglnvay  engineer  must  turn  to  research 
and  experimentation  for  his  information. 

He  must  also  combat  the  present  tendency  of  auto- 
mobile owners  and  laymen  in  general  to  tell  him  what 
kind  of  roads  he  shall  build.  While  no  comparison 
of  the  relative  engineering  skill  needed  to  design  a 


suspension  bridge  and  a  highway  is  intended,  the  lat- 
ter is  just  as  much  a  special  field  as  the  former  and 
there  is  no  reason  to  suppose  that  any  engineer  or  any 
user  of  the  highways  can  solve  the  probblem  of  caring 
for  the  increase  in  motor  traffic. 

The  designers  of  the  Delaware  River  bridge  counted 
heavily  on  past  experience.  No  fear  is  entertained 
that  the  bridge  which  they  have  designed  will  not  be 
safe  or  will  not  be  adequate  for  the  traffic  now  and 
for  many  years  to  come.  The  highway  engineer  who 
designs  the  state  highways  which  connect  with  this 
bridge,  having  no  such  fund  of  experience  fo  draw 
on,  must  turn  to  study  of  the  problems  of  transporta- 
tion and  scientific  research  if  he  is  to  build  roads  of 
the  same  dependability. 


A  STUMBLING  BLOCK 

The  Pennsylvania  Highway  Department  has  put  a 
stumbling  block  in  the  way  of  the  advance  toward 
a  system  of  uniform  liighway  signs  with  an  announce- 
ment that  it  will  mark  the  main  routes  of  the  state 
wih  color  bands.  The  system  of  marking  highways 
witli  numbers,  which  has  been  worked  out  by  the 
Automobile  Club  of  America  and  is  similar  to  systems 
in  use  in  the  West,  has  been  adopted  by  the  New  Eng- 
land states  as  the  first  zone.  It  was  hoped  that  New 
York,  New  Jersey,  and  Pennsylvania  would  become 
the  second  zone.  Commissioner  Sisson  of  the  New  York 
State  Higliway  Department  has  stated  that  he  is  ready 
to  adopt  the  new  system  as  he  is  convinced  that  the 
color  band  markings  have  been  a  failure.  Now  comes 
Pennsylvania  with  announcement  of  the  adoption  of 
a  plan  which  has  been  tried  and  found  wanting  in 
a  neigliboring  state. 

The  stumbling  block  may  only  be  temporary,  however, 
because  the  color  bands  do  not  last  long  and  the  higli- 
way department  of  Pennsylvania  may  be  convinced  of 
the  superiority  of  the  new  system  by  the  time  they  have 
to  be  renewed.  In  the  meantime,  it  seems  likely  that 
New  York  will  adopt  the  system  of  marking  with  num- 
bers regardless  of  the  actions  of  New  Jersey  and 
Pennsylvania.  The  real  regret  is  that  the  State  of 
Penn.sylvania  should  spend  a  large  sum  of  money  in 
marking  with  color  bands,  which  are  of  doubtful 
value  to  the  tourists,  at  this  time  when  the  delay  of 
a  few  months  might  have  shown  the  advisability  of 
marking  with   numbers. 


The  Nevada  State  Highway  Department  has  re- 
ceived new  contracts  from  the  Lincoln  Highway  Asso- 
ciation which  cover  funds  originally  made  available  to 
tlie  department  in  1919  for  the  improvement  of  certain 
sections  of  the  Lincoln  Highway  in  Nevada.  These 
contracts  include  certain  of  the  old  ones,  which  had 
expired  December  31,  1921,  and  several  new  projects 
and  the  total  funds  available  amount  to  $100,000. 
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CAPACITY  AND  WIDTHS  OF  HIGHWAYS 

OUTSIDE  OF  MUNICIPALITIES 
(Continued  from   page   300) 

cles  will  travel  at  a  common  speed.  Under  logical 
assumptions  as  to  clearance  between  vehicles,  and  as- 
suming that  all  vehicles  will  travel  15  miles  per  hour, 
a  two  lane  roadway  should  carry  about  2,600  vehicles 
per  hour  in  eacli  direction.  If  the  speed  is  reduced  to 
3  mi.  per  hour  by  a  few  heavy  horse-drawn  vehicles, 
the  capacity  is  reduced  to  about  750  vehicles  per  hour 
in  each  direction.  There  can  be  no  doubt,  therefore, 
that  the  variation  in  speeds  affect  the  traffic  capacity 
and  hence  the  required  width  of  a  roadway. 

Quite  obviously,  a  stalled  car  which,  through  inade- 
quacy of  shoulder  design,  is  prevented  from  pulling 
to  one  side  and  hence  blocks  one  lane  of  traffic,  has 
the  same  or,  a  worse  effect  on  the  traffic  capacity  of  a 
roadway  than  a  slow  moving  vehicle.  The  roadway 
traffic  capacity  can  be  materially  increased  by  adequate 
width  and  design  of  shoulders. 

The  safety  of  traffic  should  not  be  disregarded  in 
the  design  of  roadway  widths.  In  the  case  of  a  two 
or  four  lane  roadway,  every  vehicle  operator  realizes 
just  when  he  has  the  right  of  way  and  when  he  has 
not.  The  operation  of  a  three  lane  roadway,  however, 
is  not  so  simple.  The  center  lane  is  not  and  cannot  be 
reser\'ed  for  traffic  in  either  direction,  so  it  must  be 
left  to  each  individual  operator  to  decide  whether  he 
is  more  entitled  to  this  lane  than  another  operator 
going  in  the  opposite  direction.  Such  a  width  of  de- 
sign fosters  danger  to  traffic. 

Your  committee  respectively  submits  the  following 
tentative  conclusions  for  consideration: 

1.  The  design  of  roadway  widths  must  give  consid- 
eration to  the  economically  desirable  variation  in  speeds 
of  the  various  classes  of  traffic. 

2.  Any  two  lane  roadway  carrying  intensive  traffic 
should  have  a  width  of  20  ft.  and  should  have  5  ft. 
shoulders  capable  of  sustaining  standing  vehicles  for 
temporary  delays. 

3.  A  two  lane  roadway  should  be  increased  to  a 
four  lane  roadway  when  the  traffic  is  reduced  to  the 
speed  of  the  slower  vehicles  through  not  being  able 
to  pass,  if  the  economic  loss  of  time  will  justify  the 
expense. 

4.  The  building  of  three  lane  roadways  should  be 
discouraged  due  to  the  danger  to  the  traveling  public. 


FOREST  mOHWAT  CONSTRUCTION  APPROVED 

Kxpenditures  totaling  $2,038,472  of  national  forest 
highway  funds  have  just  been  approved  by  Secretary 
of  Agriculture  Wallace  for  the  construction  of  forest 
roads  in  California,  Utah,  Washington  and  Wyoming. 
This  sum  is  distributed  as  follows:  California,  $968,- 
697;  Utah,  $280,700;  Washington,  .$575,000;  Wyoming, 
$214,075.  Wyoming  will  build  the  greatest  mileage, 
90  mi.,  California  and  Washington  will  build  50  mi. 
each,  and  Utah  will  build  57  mi. 


DON'T  DROP  LIGHTED  CIGARS 

ON  WOODEN  FLOOR  BRIDGES 

Don't  throw  away  your  cigar  or  cigarette  when  cross- 
ing a  bridge  with  a  wooden  floor,  advises  tho  Bureau  ot 
Public  Roads.  It  may  start  a  fire  that  M'ill  destroy  tlie 
bridge.  ' 

Many  such  fires  are  started.  Most  of  tliern  are  put 
out  with  small  damage,  but  occasionally  a  large  struc- 
ture is  destroyed.  It  seems  strange  that  a  steel  bridge 
should  be  destroyed  by  fire,  but  lieat  from  a  burning 
floor  may  cause  the  destruction  of  the  whole  bridge  by 
softening;  the  breaking  of  one  weakened  member  will 
cause  the  whole  span  to  drop  into  the  river.  On  some 
large  bridges  a  watchman  is  kept  to  giiard  against  tliis 
danger,  and  in  a  dry  season  fires  have  been  known  to 
occur  almost  daily. 

A  committee  composed  of  a  representative  of  the 
bureau  and  representative  of  the  National  Board  of 
Fire  Underwriters,  the  lumber  and  creosote  industry, 
and  the  Engineering  News-Record  is  now  investigating 
the  subject  and  considering  the  best  means  of  protee- 
tion. 


NO  VERDICT  IN  CEMENT  CASE 
The  jury  in  the  case  of  the  government  against  19 
corporations  and  44  individuals  engaged  in  the  rhan- 
ufacture  of  cement  who  were  charged  witli  violating 
the  Sherman  anti-trust  law  was  unable  to  agree  on 
a  verdict  and  has  been  dismissed  by  Judge  Knox  of 
the  United  States  District  Court  of  New  York  City. 
On  learning  of  his  failure  to  reach  a  verdict,  Col. 
Hayward,  United  States  Attorney,  said  that  the  cases 
would  be  brought  to  trial  again  a.s  soon  as  a  federal 
judge  could  be  found  to  hear  them. 


MARKS  HIGHWAYS  WITH  COLOR  BANDS 

The  State  Highway  Department  of  Pennsylvania  will 
foon  begin  the  marking  of  certain  routes  on  the  main 
highways  of  that  state  with  color  bands.  In  this  route 
marking,  three  colors  will  be  used:  blue,  red,  and  yel- 
low. The  blue  routes  will  cross  the  state  from  north 
to  south ;  the  red  routes  from  east  to  west ;  and  the  yel- 
low routes  diagonally.  The  highway  department  now 
whitewashes  to  a  height  of  6  ft.  all  poles  on  the  high- 
way routes.  The  new  markings  will  be  12  in.  in  height 
and  will  be  placed  only  at  cross  roads.  On  tliose  poles 
marked  with  color  bands,  the  whflewash  will  be  only 
5  ft.  in  height,  the  color  band  making  up  the  balance 
of  6  ft. 


The  Kansas  Highway  Commission  recently  awarded 
contracts  for  the  construction  of  26.5  mi.  of  concrete 
pavement  at  a  total  cost  of  $721,957.  The  project  is  the 
largest  yet  undertaken  by  that  state. 


Ernest  Solway,  originator  of  the  Solway  process  for 
the  maim  fact  ui-e  of  soda,  reputed  to  be  Belgium's 
richest  man,  died  suddenly  at  his  home  in  Brussels 
on  May  26. 
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Equipment  —  Trade  —  Materials 


GASOLINE  ENGINE  DRIVES  ROAD  GRADER 

Tlie  Motor  Hi-way  Patrol  manufactured  by  tlic  Rus- 
sell Grader  Manufacturing  Co.,  combines  a  Russell  gra- 
der and  an  AUis-Chalniers  tractor  unit.  Both  grader 
and  tractor  arc  operated  by  one  man  and  the  machine 
docs  the  work  of  three  team:;  and  their  drivers. 


ATTACH  TROWELLER  TO   CONCRETE  TAMPER 

The  Austin  Machinery  Corporation  has  announced, 
as  a  new  feature  of  their  concrete  tamper,  a  troweller 
finisher  which  duplicates  mechanically  the  old  process 
of  hand  trowelling  and  improves  on  the  old  method 
in    many   ways. 


THE     MOTOR    .HI-WAY    PATROL 

The  4-eylinder,  12  h.p.  gasolene  motor  drives  mach- 
ine at  a  road  speed  of  from  l'-^  to  3  mi.  per  hour. 
The  centrifugal  governor,  which  controls  the  motor  at 
varying  loads  at  a  constant  speed,  can  be  adjusted 
to  do  so  from  the  driver's  seat  at  any  speed  ])etween 
500  and  1,000  r.p.m.  A  foot  pedal  operates  the  elutcli 
aiul  brake  and  a  lever  controls  the  gear  shift.  The 
iiu'tliod  of  steering,  the  entire  tractor  is  pivoted  on 
il:s  axis  by  means  of  a  segment  and  rack  pinion,  makes 
the  tractor  exceedingly  easy  to  handle.  The  differen- 
tial and  transmission  housings  and  the  engine  are 
Ijolted   direct   to   the   central   shaft   which    carries   the 

»    drive  wheel  axle  and  this  construction  gives  strength, 
simplicity,  and  ea.sy  access  to  the  units. 

The  grader  has  a  6  ft.  blade  13%  in.  wide,  with  de- 
tachable cutting  edge  The  blade  is  raised  and  lowei-ed 
by  worm  and  gear  which  gives  speedy  accui-atc  adjust- 
ment and  automatically  locks  when  in  any  position. 
I  The  entire  machine  weighs  4,275  lbs.,  is  184  in.  long 
and  6  ft.  high,  has  a  wheel  base  of  144  in.  and  a  tread 
(grader  wheels)  of  5  ft.  2  in.,  and  takes  up  about  the 
same  space  in  turning  as  an  automobile. 
The  U.  S.  Geological  Survey  announces  that  there 
were  9,243.000  bai'rels  of  Portland  cement  produced 
during  April,  compared  with  8,651,000  barrels  during 
taled  8,592.000  barrels,  as  against  7,919,000  barrels 
last  year. 


TROWEL-LER     ATTACHED     TO     AUSTIN   TAMPER 

The  carriage,  accurately  made  and  fitting  the  ad- 
justable profile  bar,  a  templet  of  the  exact  crown  of 
road  required,  travels  across  the  road  with  a  razor- 
stropping  motion,  at  speed  greater  than  that  of  hand 
trowelling.  Two  steel  adjustable  plows,  one  on  each 
side  of  the  24-in.  trowel  proper,  pi'css  down  and  work 
the  surplus  material.  Easily  controlled  by  two  levers, 
a  vertical  lift  is  provided  for  the  profile  bar,  and  the 
stroke  is  made  adjustable,  so  that  it  is  possible  either 
to  trowel  the  full  width  of  the  road  or  work  at  any 
particular  spot.  At  the  back  of  the  carriage  is  a 
mechanism  which  slightly  tilts  the  trowel  up  in  tlie 
direction  of  travel. 

The  net  result  of  the  troweller  is  to  provide  in  the 
final  finish  a  perfectly  contoured  road,  swept  by  a 
trowel  guided  with  mechanical  accuracy  for  its  entir:^ 
stroke  by  a  profile  bar.  No  more  dependanee  upon 
the  human  eye  or  effort  to  maintain  a  faultless  grade. 
Furthermore,  it  provides  a  means  for  resurfacing  any 
spots  that  may  from  any  cause  be  disturbed  by  lack 
of  sufficient  concrete,  footprints,  or  foreign  material. 


The  T.  L.  Smith  Co.  of  Milwaukee,  "Wis.,  has  issued 
an  illustratefl  catalogue  of  29  pages  descriptive  of 
Smith  pavers. 


The  best  tracklayer  sixty  tractoi-  is  the  subject  of 
a  32  page  illustrated  catalogue  issued  by  the  C.  L. 
Best  Gas  Traction  Co.,  San  Leandro,  Cal. 
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ASPHALT  PAVEMENT  FOUNDATION 

As  the  result  of  its  extensive  and  successful  use  by 
state  .  cities,  and  othc  localities  throughout  the 
country,  the  eniployuient  of  asphaltic  foundation 
among  iiighway  builders  is  growing  widely.  The  suc- 
cess attained  by  the  State  of  California  with  black 
base,  as  well  as  tiie  fact  that  CM.  Pinckney,  Chief  En- 
gineer, Bureau  of  Highways,  Borough  of  Manhattan, 
New  York  City,  has  adopted  asphalt  foundation  in 
New  York  City's  pavements,  has  attracted  more  at- 
tention to  this  type  of  foundation.  Providence,  R.  I., 
has  employed  black  base  for  both  sheet  asphalt  and 
granite  block  construction,  and  North  Carolina,  in 
its  plans  for  an  exteiuive  program  of  highway  con- 
struction, is  considering  the  use  of  a  sand-asplialt 
type  of  construction  in  localities  where  stone  is  scarce 

The  use  of  asphalt  foundation  by  the  above  mentioned 
places  in  addition  to  many  other  states  and  munici- 
palities, has  been  di.scussed  at  recent  meetings  of  Iiigh- 
way engineering  societies,  and  these  discussions  have 
brought  out  many  points  in  favor  of  aspiialtic  founda- 
dation  for  various  types  of  pavement.  The  principal 
(jualities  of  an  asphaltic  concrete  or  asphalt  macadam 
structure  which  combine  to  make  them  such  excellent 
|)avement  foundations  are  their  intrinsic  strengtli, 
flexibility,  elasticity  and  imperviousness  to  water. 

Experiments  conducted  by  the  U.  iS.  Bureau  of  Pub- 
lic Roads  have  proved  that  impact,  rather  than  dead 
load,  is  the  destructive  factor  on  our  higliways.  Tt  is 
in  its  efficiency  in  resi-sting  the  forces  of  impact  that 
the  asphalt  foundation  is  supcror  to  the  rigid  types. 
Because  of  its  flexibility,  an  asphalt  base  tends  to  re- 
tain its  contact  with  the  subgrade  under  tlie  pavement 
and  to  utilize  the  supporting  power  of  the  subgrade 
by  pa.ssing  on  to  it  most  of  the  impact  received 
from  traffic.  A  rigid  foundation  on  the  other  hand 
is  unable  to  retain  contact  with  the  subgrade,  and  is 
in  many  cases  called  upon  to  l)ridge  over  fallen  sec- 
tions and  forced  to  withstand,  itself,  the  total  impact 
of  traffic. 

Flexibility  is  an  important  factor  in  the  great  econ- 
omy attendant  to  asphalt  l)asc  coiisttuction.  Tt  has 
been  determined  by  actual  service  test*  that  under 
identical  traffic  and  subsoil  conditions  the  same  degree 
of  ser\ice  is  rendered  by  an  asphalt  foundation  as  is 
rendered  by  a  rigid  foundation  of  greater  thickness, 
making  the  asphalt  base  a  more  profitable  investment. 

One  of  the  most  shortcomings  of  a  rigid  pavement 
or  foundation  is  its  inability  to  cope  with  the  strain 
of  expansion  and  contraction  incident  to  temperature 
changes.  Inevitably,  the  rigid  slab  cracks,  and  is  left 
open  to  disintegration  by  traffic  and  water.  A  charac- 
teristic of  the  asphalt  foundation,  which  lends  greatly 
to  its  superiority  over  the  other  types,  is  its  ability 
to  withstand  the  expansion  and  contiaction  due  to 
temperature  changes.  Con.sequently  the  damage  caused 
by  the  stress  and  strain  in  the  rigid  type  with  vary- 
ing temperatures,  is  eliminated,  and  cracking  or  other 


damage  from  this  source  does  not  have  to  be  con- 
sidered. 

"When  a  sheet  asphalt  or  asphaltic  concrete  top  is 
laid  over  an  asphaltic  foundation,  the  entire  structure 
is  firmly  knit  together  and  the  base  and  wearing  sui-- 
face  act  as  a  unit  under  the  action  of  traffic  and  tem- 
perature. 

The  presence  of  moisture  in  a  pavement  structure 
is  both  to  be  feared  and  guarded  against.  It  is  in 
this  connnection  that  an  asphaltic  foundation  has  a 
great  advantage.  In  their  relation  to  moisture,  asphalt 
and  cement  concrete  have  shown  exactly  opposite  ten- 
dencies. The  cement  concrete  structure  will  absorb 
moisture  from  the  subgrade  under  a  pavement  by 
capillary  action,  and  consequently,  very  often,  a  film 
of  moisture  is  present  on  the  cement  concrete  between 
the  base  and  the  top  course.  Obviously  this  film 
of  moisture  would  be  detrimental  to  the  proper  func- 
tioning of  a  pavement,  and  under  certain  condi- 
tios   would   hasten    disintegration. 

The  above  are  tlie  outstanding  features  of  an  as- 
phalt pavement  foundation.  In  addition,  it  is  desirable 
for  the  ease  with  which  it  may  be  repaired.  The  time 
needed  to  cure  other  types  of  foundations  before  the 
top  may  be  laid  is  eliminated  because  an  asphaltic 
base  is  ready  for  the  top  as  soon  as  it  has  been  rolled, 
providing  a  rapidity  of  turnover  and  saving  of  labor 
to  the  contractor  not  possible  in  the  case  of  rigid 
foundations.  These,  then,  are  some  of  the  reasons  why 
asphalt  foundations  have  been  laid  so  extensively  in 
the  west,  and  wliy  they  might  be  laid  profitably 
throughout  the  country. 


BUOYRUS  COMPANY  ENLARGES  PLANTS 

The  Bucyrus  Company,  South  Milwaukee,  AVisconsin. 
have  under  way  at  the  present  time,  extensive  en- 
largements to  both  its  plants  at  Soutli  Milwaukee, 
Wisconsin  and  Evansville,  Indiana. 

In  the  South  Milwaukee  plant,  where  all  the  larger 
machinery  is  built,  a  new  gray  iron  foundi-y  is  now 
under  construction,  276  ft.  in  length. 

The  old  gray  iron  foundry  is  being  converted  into 
a  cleaning  I'oom  witli  annealing  ovens,  sand  bla.st 
rooms,  and  a  welding  room.  A  large  addition  is  also 
being  made  to  tlie  steel  foundry  moulding  floor,  and 
and  electric  furnace  is  being  installed.  Exten.sive  im- 
provements ai'c  also  being  made  in  the  foundry  storage 
yards.  In  the  plant  at  Evansville.  Indiana,  which 
specializes  in  the  manufacture  of  small  revolving  shov- 
els, the  machine  and  erecting  shops  are  being  consider- 
ably enlarged  to  enable  the  company  to  handle  its 
rapidly  increasing  business  in  these  machines. 


The  State  of  Alabama  was  the  sixth  state  in  the 
Union  in  point  of  highway  construction  started  in  April 
according  to  a  statement  of  the  highway  department. 
During  that  month  contracts  were  executed  for  road 
work  to  cost  about  $1,500,000. 
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MEETINGS 


Calendar  of  Coming  Meetings 

June  4-6 — American  Association  of  Engineers — An- 
nual convention,  Salt  Lake  City,  Utah.  Secretary, 
C   E.  Drayer,  Chicago,  ill. 

June  12-15 — Canadian    Good    Roads    Association — 

Ninth  annual  convention,  Victoria,  B.  C.  Secretary- 
treasurer,  George  A.  McNamee,  Birks  Bldg.,  Montreal, 
Canada. 

June  26-July  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineeis"  Club  Bldg.,  Phila- 
delphia, Pa. 

Aug.  9-10 — Custer  Battlefield  Highway  Association 

— Annual  meeting,  Sheridan,  Wyo.  Secretary,  W.  D. 
Fisher,  Sheridan,  Wyo. 


I 


CANADIAN  GOOD  ROADS  MEETING 

Tlie  program  of  the  ninth  convention  of  the  Canadian 
Good  Roads  Association  to  be  held  at  Victoria,  B.  C, 
June  12  to  15  has  been  announced.  The  annual  meet- 
ing of  the  association  will  take  place  on  the  afternoon 
of  June  13.  The  other  sessions  will  be  devoted  to  ad- 
di-esses,  the  reading  of  papers,  and  discussion  of  the 
topics  presented.  The  subjects  to  be  discussed  cover 
widely  all  the  various  phases  of  road  construction  and 
highway  transport  and  are  to  be  presented  by  an  im- 
posing- list  of  speakers  both  from  Canada  and  the 
United  States. 

Speakers  from  the  United  States  include :  C.  W^.  Cor- 
nell of  Seattle,  Wash.,  National  Automobile  Chamber 
of  Commerce;  Lt.  Col.  H.  L.  Bowlby,  U.  S.  Bureau  of 
Public  Roads ;  H.  D.  Cuthbert,  North  West  Pacific  Tour- 
ist Association ;  N.  D.  Darlington,  Chairman  of  the  Cal- 
ifornia Highway  Commission;  James  Allen,  Supervisor 
of  .State  Highways,  Olympia,  Wash. ;  A.  B.  Fletcher, 
State  Engineer,  Sacramento,  Cal. ;  Hon.  J.  P.  Hartman 
of  Seattle.  Wash. ;  A.  R.  Hirst,  State  Highway  Engineer 
of  Wisconsin  ;  and  Windsor  T.  White,  National  Auto- 
mobile Chamber  of  Commerce,  New  York.  In  addi- 
tion to  tills  formidable  list  A.  P.  Sandles  of  Columbus, 
Ohio,  who  was  one  of  the  outstanding  figures  at  the 
Winnipeg  convention,  is  expected  to  attend  and  give 
a  practical  talk. 

Canadian  speakers  include  premiers  and  cabinet  mln- 
i.sters  of  the  various  provinces,  representatives  of  pro- 
vincial good  roads  associations,  and  highway  engineers 
and  officials  from  all  over  the  country.  The  execu- 
tives of  the  association  have  planned  an  elaborate  pro- 


gram because  they  feel  that  the  delegates  will  have 
traveled  a  long  distance  and  are  therefore  entitled  to 
gather  all  the  information  possible  on  highway  mat- 
tei's  and  they  are  determined  not  to  curtail  it  in  any 
way. 


TEXAS  HIGHWAY  ASSOCIATION 

ADOPTS  PLATFORM  AND  BUDGET 

The  Board  of  Dii'ectors  of  the  Texas  Highway  Asso- 
ciation met  in  Waco,  May  13,  to  perfect  the  organiza- 
tion of  this  newly  formed  body  which  was  created  at 
the  annual  convention  of  the  Texas  Road  Builders  As- 
sociation, April  17. 

W.  T.  Wheeler,  Assistant  Manager  of  the  West  Texas 
Chamber  of  Commerce,  was  elected  secretary-treasurer 
and  S.  Deane  Wasson,  a  newspaper  man  now  connected 
with  the  Houston  Chronicle,  was  elected  publicity  man. 

A  budget  of  $50,000  for  the  year  1922  was  adopted 
and  divided  as  follows : 

Salary  of  secretary-treasurer    $6,000 

Expenses  of  secretary-treasurer 3,000 

Salary  of  publicity  man   3,600 

I'Jxpenses  of  publicity  man 1,400 

Office  expenses  of  secretary-treasurer 3,000 

Publicity,  advertising,  printing,  posters,  postage, 

etc 20,000 

Public  speakers'  expenses  10,000 

Fair   and    exposition    exhibits 1,000 

Moving  pictures    2,000 


$50,000 
To  outline  the  activities  of  the  association,  the  board 
adopted  a  platform  which  states  that  the  main  object 
shall  be  the  constrviction  and  maintenance  of  a  connect- 
ed comprehensive  system  of  highways  throughout  the 
State  of  Texas.  A  elaborations  of  this  dominating  pur- 
pose, the  plan  the  formation  of  district,  county  and 
local  organizations  to  keep  the  state  body  in  close  touch 
with  actual  conditions ;  a  survey  of  the  present  con- 
dition of  the  highway  system ;  a  study  of  the  work  of 
the  state  highway  department  witli  a  view  to  correct- 
ing incorrect  practices  and  expenditures;  an  investi- 
gation of  all  constitutional  and  .statutory  provisions  re- 
lating to  public  highways,  with  special  reference  to 
neee.ssai-y  changes  in  the  laws  of  Texas  to  bring  them 
in  harmony  with  the  highway  admini.stration  of  the 
federal  government;  a  complete  investigation  of  high- 
way financing  with  the  object  of  determining  the 
amount  of  money  necessary  and  advisable  to  be  raised 
annually  and  the  best  sources  of  taxation. 

The  money  for  running  this  organization  will  be 
raised  among  its  members.  Active  members  will  pa.v 
dues  amounting  to  $2.00  each  year  but  the  main  sup- 
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port  will  come  from  the  sustaining  members  who  will 
pay  $10,000  a  year  and  no  limit  has  been  placed  on  the 
number  of  sustaining  memberships  one  person  or  firm 
can  subscribe  for. 


NATIONAL  CHAMBER  OF  COMMERCE 

HOLDS  HIGHWAY  SESSION 

A  meeting  devoted  to  the  discussion  of  highway 
transport  was  held  in  Wasliington,  D.  C,  May  16,  un- 
der the  auspices  of  the  transportation  department  of 
the  U.  S.  Chamber  of  Commerce  in  connection  with  the 
annual  convention  of  that  body.  Thomas  H.  MacDon- 
ald,  Chief  of  the  U.  S.  Bureau  of  Public  Roads,  spoke 
on  "Economic  Foundation  for  Future  Highway  Prog- 
ress," and  E.  J.  Mehren,  Editor  of  the  Engineering 
News-Record,  read  a  paper  on  "Practical  Highway 
Tran.sport  Regulation."  The  reading  of  these  papers 
was  followed  by  a  discursion  of  the  topics  presented. 


BUREAU  OF  PUBLIC  ROADS  GETS 

APPROPRIATION  OF  $483,320 

The  appropriation  bill  for  the  Department  of  Agri- 
culture for  the  fiscal  year  beginning  July  1  has  been 
passed  by  Congress  and  approved  by  the  President. 
It  makes  available  for  the  Bureau  of  Public  Roads 
$483,320  of  which  $367,120  is  for  research  and  $116,200 
for  administration.  The  appropriations  include:  .$66,- 
800  for  investigation  of  road  management  and  construc- 
tion ;  $77,060  for  investigation  of  best  methods  of  road 
building;  $175,000  for  investigation  of  chemical  and 
physical  character  of  road  materials;  and  $15,000  for 
maintenance  and  repair  of  experimental  highways. 


WAGES  FOR  ROAD  WORK  REDUCED 

The  wage  .s<-hcdule  recently  adopted  by  the  Minne- 
sota State  Highway  Department  shows  decreases  aver- 
aging about  15  per  cent  and  is  expected  to  total  $250.- 
000  for  the  season.  The  new  rates  are  in  line  with 
those  being  paid  by  counties  throughout  the  state  and 
by  private  employers.  Patrolmen  will  receive  55  ct. 
to  60  ct.  an  hour  as  compared  with  65  ct.  to  75  ct.  in 
1921.  This  includes  pay  for  one  team  and  rental  of 
equipment.  Laborers  will  receive  25  to  30  ct.  an  hour 
as  compared  with  30  to  40  ct.  in  1921.  For  teams  the 
pay  is  25  ct.  an  hour  as  compared  with  30  to  40  ct. 
in  1921.  Truck  drivers  will  receive  40  ct.  as  compared 
with  50  ct.  in  1921 ;  foremen  $150  a  month,  a  reduction 
from  $175;  grader  operators  $120  a  month,  a  reduc- 
tion from  $135:  and  tractor  operators  $140  a  month,  n 
reduction  from  $160. 

At  the  request  of  Secretary  of  Commerce  Herbert 
Hoover,  the  American  Engineering  Standards  Commit- 
tee will  undertake  at  once  a  survey  of  simplification 
or  standardization  needs  and  possibilities  which  will 
extend  into  almost  every  indu-stry  in  America. 


PERSONAL  MENTION 


W.  H.  Davis  has  been  appointed  maintenance  en- 
gineer, AVest  Virginia  State  Road  Commission,  with 
headquartei-s  at  Clarksburg,  W.  Va. 

Stephen  Kearney,  City  Engineer  of  Lowell,  Mass., 
has  resigned. 

W.  E.  La  None  lias  resigned  as  city  engineer  of 
Victoria,  Texas,  and  E.  R.  Thomas,  formerly  City  En- 
gineer of  Port  Arthur,  Tex.,  lias  been  appointed  as 
his  successor. 

S.  C.  Liggett  has  been  appointed  assistant  district 
engineer  for  the  Virginia  State  Highway  Commission 
with  headquarters  at  Staunton,  Va. 

C.  A.  Myhre,  formerly  Division  Engineer  of  the 
North  Dakota  State  Highway  Commission  has  been 
l)romoted  to  the  office  of  project  engineer. 

B.  H.  Piepnieier,  Road  Engineer  of  the  Illinois  Divi- 
sion of  Highways,  has  been  appointed  chief  engineer 
of  the  Missouri  State  Highway  Department  to  succeed 
Alexander  Graham,  resigned. 

James  R.  Pollock,  Assistant  City  Engineer  of  Flint, 
Mich.,  has  resigned. 

F.  A.  Reimer,  C.  E.,  has  accepted  the  position  of 
district  engineer  of  the  Ncav  Jersey  branch  of  the  As- 
phalt Association  and  has  opened  offices  at  40  Clinton 
St.,  Newark,  N.  J. 

F.  H.  Richardson.  A.ssistant  Engineer,  Washington 
State  Highway  Department,  has  resigned  to  become 
field  engineer  with  the  Portland  Cement  Association 
wih  headquarters  at  Spokane,  Wash. 

F.  W.  Ullius,  Jr.,  formerly  Village  Engineer  of  Shore- 
wood,  Wis.,  has  been  appointed  city  planning  engineer 
of  Milwaukee,  Wis.,  to  succeed  R.  E.  iStoelting,  recent- 
ly appointed  commis.sioner  of  public  works. 


The  City  of  Chicago  has  plans  prepai'ed  and  will 
ask  for  bids  immediately  for  the  widening  of  Michi- 
gan Avenue  from  Roosevelt  Road  south  to  33rd  St. 
It  is  estimated  that  the  work  will  cost  about  $500,000. 


The  U.  S.  Civil  Service  Oommission  will  hold  an  open 
competitive  examination  on  June  21  to  fill  vacancies 
in  the  U.  S.  Bureau  of  Public  Roads  as  follows:  Junior 
civil  engineer  at  $1,200  a  year,  junior  highway  bridge- 
engineer  at  $1,200  to  $1,600  a  year. 
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Hitn-fster  Road,  St.  CharUs,  Mo 
"  Tania-X,"  1920 


Typical  Spring 

condition  of 

soft-surfaced  rod,. 


I,,  Cdrlhagi—.l nl'.ver p  Road,  N.  Y. 

Another  Tarvia  Uighzvay 


Glastonoury-J/artford  Road, 
Glastonbury,  Conn,  "Tarvia-X,"  1915 


Tarvia  transforms  old 
into  all-year  mudless. 

President  Harding  recently  declared  that  the 
problem  of  distribution  "is  one  of  the  greatest  eco- 
nomic problems,  if  not  the  greatest  problem,  of 
modern  civilization." ' 

When  we  realize  that  it  costs  from  four  to  ten 
times  as  much  to  haul  a  ton  of  goods  over  bad 
roads  as  it  does  over  good  roads,  we  see  at  once 
how  vital  this  road  problem  is  to  all  of  us. 

The  question  no  longer  should  be,  "Shall  we 
have  good  roads?"  It  should  be,  instead,  "How 
quickly  and  how  cheaply  can  we  get  good  roads?" 

The  Road  Commissioners  of  hundreds  of  to^vns 
and  rural  districts  throughout  the  country  have 
found  from  experience  that  Tarvia  pavements  are 
the  most  economical  good  roads  it  is  possible  to 
build. 


/     Stale  Road  at  Kittery,  Me. 
"Tania-X,"  1912 


fashioned  mud  roads 
dustless  highways — 

In  first  cat  a  Tarvia  road  is  only  slightly  more 
than  plain  waterbound  macadam.  The  upkeep  of 
Tarvia  pavement  is,  all  things  considered,  so  much 
less  than  that  of  any  other  type  of  lasting  road 
that  the  saving — over  a  short  period  of  years — 
will  offset  the  original   cost  of  construction. 

Properly  looked  after,  there  is  no  limit  to  the 
life  of  a  Tarvia  road.  With  regular,  but  inexpen- 
sive maintenance,  it  is  actually  improved  by  time 
and  traffic.  Its  easy-traction  surface  is  smooth, 
firm,  dustless  and  mudless  all  the  year  round — 
year  after  year. 

Tarvia  also  offers  an  economical  means  of  re- 
surfacing old  worn-out  macadam,  and  of  repairing 
and  maintaining  improved  streets  and  highways 
of  every  kind.  There  is  a  grade  of  Tarvia  for 
each   of   these    purposes. 


/        \ 


For  Road  Construction 
Repair  and  Maintenance 


Special  Service  Department 

This  company  has  a  corp  of  trained  engi- 
neers and  chemists  who  have  niven  years 
of  study  to  modern  road  problems.  The 
advice  of  these  men  may  be  had  for  the 
asking  by  anyone  interested.  If  you  will 
write  to  the  nearest  office  rcRarding  road 
problems  and  conditions  in  your  vicinity, 
the  matter  will  be  given  prompt  attention. 
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An   Economic   Foundation   for    Future 


Highway   Progress 


By    THOMAS   H. 

It  would  be  trite  to  the  verge  of  mediocrity  in  opening 
the  discussion  of  this  subject  before  such  an  audience, 
to  assert  the  great  need  of  building  the  nation-wide 
development  of  highway  transportation  now  going  for- 
ward upon  enduring  economic  principles,  were  the  facts 
existing  at  this  time  of  lesser  import.  A  great  build- 
ing lifts  its  parapets  high  above  its  suri-oundings,  and 
hundreds  of  people  spend  their  working  hours  within, 
untroubled  by  the  thought  that  their  safety  depends 
upon  the  foundation  courses  extending  to  the  support- 
ing rock  many  stories  below  the  pavements.  A  great 
bridge  casts  its  spans  across  a  mighty  river — an  architec- 
tural and  engineering  triumph  wrought  from  the  mate- 
rials of  construction — yet  only  is  it  Secure  and  enduring 
as  are  the  foundations  which  reach  out  of  sight  far  be- 
neath the  surface  to  the  earth's  stratum  which  offers 
unchanging  support.  These  things  we  accept  almost  as 
a  matter  of  course,  believing  that  such  large  undertak- 
ings have,  as  a  prerequisite,  undergone  searching  study 
and  investigation  to  determine  all  of  the  factors  which 
may  exert  an  unfavorable  or  destroying  influence,  and 
that  all  of  these  have  been  properly  guarded  against  in 
the  design  and  construction  adopted. 

It  is  possible  to  comprehend  something  of  the  physical 
and  financial  undertaking  involved  in  the  completion  of 
a  great  building  or  a  great  bridge,  because  each  may  be. 
as  an  entity,  encompassed  within  the  range  of  vision; 
but  who  can  picture  to  himself  adequately  the  immensity 
of  the  highway  improvement  demands  which  are  now 
being  made  within  the  United  States,  to  say  nothing  of 
those  of  the  territorial  possessions?  No  other  nation 
has  ever  undertaken  to  supply  adequate  transportation 
facilities  to  an  area  of  over  3,000,000  square  miles. 
France  has  an  area  of  212,6.54  square  miles,  Germany 
208,780,  while  the  borders  of  Texas  alone  enclose  262,- 


*  Address  delivered  at  the  highway  transport  session  of  the 
annual  meeting  of  the  Chamber  of  Commerce  of  the  United 
States,  Washington,  D.  C,  May  16,  1922. 

t  Chief,  V.  S.  Bureau  of  Public  Roads. 
Prepared  by  the  Illinois  Division  of  Highways  and  the  U.  S. 
Bureau  of  Public  Roads. 


MacDONALDf 

398  square  miles.  Our  States  are  empires  in  their  extent, 
and  the  whole  future  of  this  nation  will  be  largely  modi- 
fied and  determined  by  the  factor  of  transportation  in- 
cluding in  this  sense  all  forms  of  interchange.  What  is 
true  of  the  nation  is  equally  true  of  the  individual. 

It  would  seem,  therefore,  that  the  following  general 
statements  should  be  given  full  weight  in  this  discus- 
sion. First,  there  are  no  precedents  from  which  we  may 
accurately  estimate  the  total  cost  of  providing  the  neces- 
sary improved  highways,  but  the  financial  aspects  even 
now  are  so  large  as  to  demand  the  most  careful  and 
scientific  policies  which  may  be  determined.  As  the 
costs  accumulate  from  year  to  year  the  increasing  de- 
mands upon  the  financial  foundation  will  cause  failure 
unless  the  government  policies  are  properly  determined 
and  planned  for  that  future. 

Second,  no  reason  can  be  offered  not  to  plan  well  for 
the  future,  for  we  are  yet  near  the  beginning  of  high- 
way building  activity  in  its  major  sense.  There  are 
not  the  same  uncertainties  that  confronted  the  railroad 
builders.  The  early  railroads  were  built  largely  on  the 
strength  of  prospective  and  to  an  extent  problematic 
traffic.  The  highways  are  being  built  for  a  traffic  al- 
ready waiting. 

Third,  there  are  plenty  of  evidences  that  the  taxpay- 
ing  public  is  rapidly  nearing  the  end  of  its  ability  or  at 
least  of  its  willingness  to  act  further  in  the  capacity  of 
a  shock  absorber.  Too  many  public  enterprises  have 
been  saved  from  bankruptcy  only  by  calling  on  the  pub- 
lic treasuries  for  additional  funds  to  wipe  out  the  deficit 
between  estimates  and  cost,  between  income  and  outgo. 
There  is  no  reason  why  the  highways  should  not  be 
placed  in  the  self-supporting  class.  They  are  not  a  luxury 
nor  an  incidental,  but  one  of  the  indispensable  facili- 
ties to  the  life  in  all  phases  of  the  nation  and  of  the  in- 
dividual. The  highways  are  possessed  of  a  real  earning 
capacity,  and  this  must  be  recognized,  collected,  and 
credited  to  them. 

There  is  difficulty  in  properly  allocating  the  earnings 
of  the  higlnvay  between  the  different  services  which  it 
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performs.  Bat  this  may  be  accomplished  acceptably  by 
fair  and  impartial  study  and  investigation.  Up  to  the 
present  too  many  such  studies  have  been  made  for  the 
purpose  of  proving  a  pre-determincd  conclusion.  The 
old  adage  to  the  effect  that  it  is  the  exception  that  proves 
the  rule  might  well  have  been  founded  upon  the  con- 
ditions existing  in  the  highway  transportation  field. 
There  are  many  contradictions  which  arise  when  an  at- 
tempt is  made  to  apply  general  statements  to  specific 
conditions.  All  the  aspects  of  highway  improvement  are 
BO  modified  by  the  particular  and  specific  conditions  of 
the  locality,  small  or  large,  under  consideration,  that 
he  who  is  wise  will  not  make  either  general  or  dogmatic 
assertions  predicated  upon  insufficient  or  circumscribed 
data.  Many  of  these  assertions  which  we  have  accepted 
as  almost  axiomatic,  fall  down  as  soon  as  examined  in 
the  light  of  real  fact.  For  example,  it  has  been  accepted 
as  a  to-be-rigorously-observed  tenet  that  highway  bonds 
shall  be  issued  for  a  shorter  period  than  the  life  of  the 
road.  The  Cumberland  Pike,  the  first  and  only  great 
national  highway  of  the  early  days,  was  thrown  open  to 
traffic  about  1818.  Today,  after  a  full  century,  that 
highway  is  still  in  existence,  rehabilitated  and  carrying,' 
an  ever-increasing  traffic.  It  is  true  that,  due  to  the 
changes  in  overland  transportation,  there  was  a  lon^' 
period  when  this  highway  fell  into  disuse  and  disrepair, 
but  today,  with  the  surfacing  repaired  and  rebuilt,  the 
same  road  bed  and  most  of  the  same  waterway  struc- 
tures are  continuing  to  carry  the  traffic.  The  extension 
of  this  road  from  Baltimore  to  Cumberland,  originally 
a  state  project,  was  resurfaced  in  recent  years  at  a  very 
nominal  cost.  This  light  surfacing  was  placed  for  horse- 
drawn  vehicular  traffic,  but  with  continued  mainte- 
nance, and  from  time  to  time  necessary  reconstruction, 
is  now  carrying  heavy  automobile  traffic.  Under  the 
theory  just  mentioned,  for  how  long  a  period  would  the 
bonds,  had  the  road  been  so  built,  have  been  proper? 
Apparently  the  road  is  in  better  condition  today  than 
ever  before. 

Again,  suppose  that  capital  is  borrowed  to  establish  a 
business.  The  earnings  are  sufficient  to  pay  the  interest 
on  the  original  investment,  and  also  for  the  mainte- 
nance, enlargements  and  betterments  of  the  plant.  Its 
earning  capacity  grows  larger,  its  physical  condition 
improves.  The  original  buildings  may  be  worn  out  and 
the  original  machinery  discarded,  yet  the  physical  value 
of  the  plant  as  a  whole  is  greater  than  the  value  of  the 
original  plant,  and  its  earnings  are  increasing  annually. 
Is  it  an  evidence  of  unsound  fiinancing  that  the  owner 
has  continued  to  carry  the  original  investment,  using 
his  earnings  to  maintain  and  increase  the  value  of  the 
plant  by  enlargements  and  betterments? 

The  term  "permanent  roads"  is  a  fallacy  which  is 
responsible  for  more  or  less  of  the  unsound  theory  which 
has  been  advanced  with  reference  to  bond  issues.  There 
are  certain  of  the  essentials  of  road  construction,  such  as 
the  road  bed  and  drainage  structures,  that  can  be  so 
built  that  the  deterioration  is  so  slow  that  they  may  be 


properly  termed  ' '  permanent. ' '  Road  surfaces  of  what- 
ever type  deteriorate.  Maintenance  should  begin  as  soon 
as  the  surface  is  thrown  open  to  traffic,  and  the  higher 
the  cost  of  the  road,  the  more  careful  in  detail  should 
be  the  maintenance. 

There  is  also  the  fallacy  of  the  imposition  of  detailed 
and  arbitrary  legal  limitations  upon  the  character  and 
weight  of  the  loads  which  shall  use  the  roads.  Proper 
regulation  within  certain  reasonable  legal  limits  of  the 
use  of  the  roads  is  an  administrative  matter  and  should 
be  so  regarded.  Even  in  a  single  state  conditions  vary 
to  the  extent  that  loadings  which  may  be  carried  with- 
out deterioration  of  some  road  surfaces  will  inflict  untold 
damage  upon  others.  Yet  under  the  average  regulatory 
law  which  has  been  thus  far  made  effective,  the  utility 
of  the  best  roadways  is  not  realized  in  the  full,  nor  the 
safety  of  the  lesser  capacity  roadways  assured.  Re- 
search in  the  field  of  the  weight  of  loads  that  can  be 
carried  by  different  road  surfaces  is  revealing  very  defi- 
nite information.  The  influence  of  subgrade  soils,  of 
tire  equipment,  of  the  distribution  of  the  loads  to  the 
wheels,  of  the  speed  and  many  other  Variables  is  too 
complex  to  be  written  into  law.  The  seasonal  variation 
alone  in  the  carrying  capacity  of  the  road  beds,  due  to 
moisture  conditions,  is  one  of  the  most  serious  of  all  the 
causes  of  road  damage,  and  for  this  single  reason  the 
highway  authorities  must  be  given  wide  discretion  in 
traffic  regulation. 

There  is  also  the  fundamental  fallacy  that  has  not 
yet  been  properly  answered  that  federal  aid  for  high- 
way buildings  partakes  of  the  nature  of  a  contribution 
from  the  richer  states  to  those  of  lesser  wealth,  and  that 
under  the  present  distribution  of  federal  aid  some  states 
suffer  while  others  gain.  Such  a  conception  is  alto- 
gether ill-founded.  The  only  real  question  within  the 
whole  matter  was  settled  by  the  adoption  of  the  policy 
of  federal  participation  in  highway  improvement.  The 
income  of  the  federal  government  comes  almost  wholly 
from  three  sources — internal  revenues,  postal  receipts 
and  customs  revenues.  The  miscellaneous  receipts  and 
revenues  from  other  sources  constitute  a  very  small  per- 
centage of  the  total.  All  of  these  major  revenues  are 
of  a  character  which  cannot  be  properly  confined  or  al- 
located by  states.  The  fact  that  these  revenues  are  col- 
lected within  certain  states  is  not  indicative  of  the 
source  or  production  of  the  basic  wealth  which  makes 
them  possible.  Likewise,  many  of  the  expenditures  which 
absorb  the  greater  percentage  of  the  federal  income  can- 
not be  allocated  by  states,  such  as  the  expenditures  for 
the  legislative,  judicial  and  executive  branches  of  the 
government,  the  maintenance  of  the  Army  and  Navy, 
and  other  expenditures  of  a  general  nature.  But  the 
expenditures  which  can  be  allocated,  such  as  those  for 
postal  service,  public  buildings,  rivers  and  harbors,  re- 
clamation, pensions,  highway  building,  all  vary  between 
the  states  as  necessity  demands,  but  the  distribution  of 
these  expenditures  among  the  states  shows  very  closely 
the  same  percentage  scale  as  the  collection  of  the  federal 
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income.  The  whole  matter  becomes  one  of  the  best 
division  of  federal  income  between  the  different  activi- 
ties which  the  government  has  undertaken  as  federal 
responsibilities. 

There  are  many  other  fallacies  which  must  be  cleared 
away  before  we  can  hope  to  reach  sound  conclusions 
as  to  far-reaching  permanent  highway  policies  which 
will  justify  themselves  over  a  long  term  of  years.  Our 
total  expenditures  for  all  highway  purposes  in  the 
United  States  last  year  were  approximately  $600,000,000. 
This  is  the  maximum  expenditure  for  any  year,  but  even 
this  rate  will  not  satisfy  within  any  reasonable  period 
the  demand  for  improved  roads.  In  the  development  of 
rail  transportation  the  building  of  the  road  bed  pre- 
cedes the  establishment  of  the  rolling  stock.  In  the  de- 
velopment of  highway  transportation  the  individuals 
composing  the  public  have  equipped  themselves  with  roll- 
ing stock  to  the  extent  of  more  than  10,000,000  motor 
vehicles,  to  say  nothing  of  the  large  numbers  of  horse- 
drawn  vehicles  in  use,  and  the  public  as  a  whole  has 
charged  itself  with  the  task  of  providing  the  road  bed. 
An  examination  of  the  progress  in  highway  building 
over  the  past  ten  or  twelve  years  indicates  a  very  serious 
lag  in  the  development  of  the  road  bed  in  comparison 
to  the  increase  in  the  rolling  stock.  This  lag  is  so  serious 
that  there  is  an  insistent  demand  on  the  part  of  the  very 
large  body  of  owners  that  the  providing  of  improved 
road  beds  shall  be  hastened.  This  demand  in  turn  is  fol- 
lowed, and  properly  so,  because  of  the  very  large  expen- 
ditures required,  by  the  equally  insistent  question  of 
who  shall  pay.  There  can  be  no  question  as  to  the 
service  that  highways  render  to  the  owner  of  the  motor 
vehicle  privately  operated.  In  fact,  the  utility  of  the 
vehicle  is  to  a  large  extent  dependent  upon  the  im- 
proved highway.  There  can  be  no  question  as  to  the 
service  which  is  rendered  by  the  highway  to  the  operator 
of  motor  truck  lines  and  motor  bus  lines.  The  granting 
of  franchises  should  be  followed  by  a  real  financial  re- 
turn. There  can  be  no  question  that  the  improved  high- 
way serves  the  real  property  in  the  rural  districts.  There 
is,  although  more  questions  may  be  raised,  a  real  service 
rendered  by  the  rural  highway  to  the  property  within 
the  urban  limits.  Or,  if  more  acceptable,  to  the  people 
as  a  whole  within  the  cities.  For  example,  the  recent 
report  issued  by  the  Port  of  New  York  Authority  states 
that  in  the  port  district  comprising  within  its  area  a 
population  of  nearly  8,000,000  people,  over  4,000,000 
tons  of  foodstuffs  alone  are  required  annually  by  the  peo- 
ple of  the  district.  This  means  an  average  of  one-half 
on  per  person  per  year.  All  of  the  foodstuffs  originate 
rupon  a  highway,  some  place,  and  the  nearer  to  the  dis- 
trict that  the  perishable  foodstuffs,  such  as  garden  truck, 
milk,  eggs,  butter,  can  be  produced,  and  the  more  di- 
rectly and  quickly  they  can  be  transported  from  their 
point  of  origin,  to  these  people,  the  cheaper  will  be  the 
oost  and  the  better  wUl  be  the  quality.  Can  there  be 
any  doubt  as  to  the  interest  of  the  urban  dweller  in 


the  rural  highways  quite  distinct  from  any  direct  use 
which  he  may  make  of  them?  Likewise,  can  there  be 
any  doubt  of  the  real  service  which  the  highway  renders 
rural  property? 

Under  these  four  classes  may  be  grouped  the  major 
services  which  are  rendered  by  the  highway,  but  these 
do  not  bear  a  constant  relation  to  each  other,  nor  does 
the  highway  maintain  a  constant  relation  to  each  of 
these.  The  truck  gardener  is  more  dependent  upon  im- 
proved highways  than  is  the  farmer  who  raises  only  an- 
nual crops. 

Thus  the  relative  share  of  the  cost  of  highways  may 
not  remain  constant,  but  it  is  difficult  to  harmonize 
with  the  tenets  of  fairness  and  equity  any  plan  of  finan- 
cing which  does  not  distribute  some  part  of  the  cost  to 
each  of  these  four  services. 

A  proper  financial  policy  cannot  be  established  un- 
less there  is  functioning  an  efficient  stable  highway  ad- 
ministration. For  a  single  state  the  highway  business 
is  an  enormous  business  undertaking.  There  can  be  no 
efficient  administrative,  engineering  or  financial  policy, 
unless  this  business  be  kept  free  from  partisan  polities 
and  the  employment  of  personnel  be  determined  by  com- 
petency and  service.  This  applies  regardless  of  the  unit 
that  is  under  consideration.  "With  the  exception  of  a 
very  few  states,  it  is  apparent  that  the  major  highway 
development  for  the  next  decade  and  probably  longer, 
will  be  upon  the  so-called  seven  per  cent  system  which 
is  now  being  established  under  the  requirements  of  the 
Federal  Highway  Act  of  November,  1921.  Prior  to  this 
act,  however,  many  of  the  states  had  established  state 
systems  which  will  be  largely,  in  many  cases  completely, 
absorbed  in  the  seven  per  cent  system.  Thus,  we  have 
now  on  a  national  scale  the  inauguration  of  the  first  car- 
dinal principle  of  efficient  highway  administration, — the 
classification  of  the  roads  into  selected  systems.  On  the 
seven  per  cent  system  federal  and  state  funds  will  be 
concentrated  until  completion.  This  classification,  rec- 
ognizing with  full  credit  the  progress  made  by  many  of 
the  states  before  the  federal  enactment,  is  fundamental. 
Through  its  operation  the  roads  of  greatest  importance 
are  first  improved  and  all  work  done  is  accumulative 
toward  the  completion  of  a  system  of  inter-connected 
and  correlated  traffic  lines  as  between  the  communities 
within  the  states  and  between  the  states  themselves.  As 
the  highway  systems  are  completed,  the  traffic  will  be- 
come more  and  more  organized  and  concentrated  on  the 
improved  roadways.  If  these  systems  are  not  properly 
selected,  they  will  eventually  have  to  be  revised  and  so 
much  of  the  investment  jeopardized. 

In  sequence  of  importance  is  the  proper  improvement 
of  the  highways  so  selected.  Up  to  a  certain  point  the 
steps  in  the  improvement  of  all  types  of  roadways  are 
the  same.  The  selection  of  the  best  location,  the  build- 
ing of  the  road  bed  by  excavation,  filling  and  draining, 
the  building  of  the  necessary  culverts  and  bridges,  the 
building  of  guard  rails,  approaches  and  all  the  inciden- 
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tal  construction  will  be  as  carefully  and  thoroughly  done 
under  an  efficient  highway  administration  for  all  types 
of  highways. 

The  selection  of  the  tj-pe  of  roadway  surface  is  the  all- 
iniportant  item  from  the  standpoint  of  the  highway  serv- 
ice and  highway  finance  policies. 

Here  are  the  average  costs  covering  11,017  miles  of 
Federal  Aid  highways: 

Class  1.  including  the  graded  and  drained,  the  sand- 
clay  and  gravel  types,  average  cost  $11,320; 

Class  2,  covering  the  macadams,  waterbound  and  bi- 
tuminous. $20,540; 

Class  3,  covering  the  bituminous  concrete,  Portland 
cement  concrete  and  brick,  $36,100  per  mile.  Because, 
however,  the  average  total  cost  of  the  Class  1  roadways 
is  only  one-third  the  average  cost  of  Class  3  roadways, 
it  does  not  follow  that  the  Class  1  should  be  built  to  tne 
exclusion  of  the  other.  The  Class  3  roadways  are  capable 
of  rendering  many  times  the  service  the  Class  1  types 
can  support. 

The  service  to  be  rendered  must  determine  the  selec- 
tion of  the  type  of  highway.  Here  again  research  and 
investigational  studies  are  rapidly  fixing  within  reas- 
onably definite  limits  the  kind  and  volume  of  traffic 
which  can  be  carried  by  the  different  roadway  surfaces 
within  reasonable  maintenance  costs.  Such  a  selection 
will  determine  the  proper  financial  policy,  for  it  will 
provide  the  basis  for  the  establishment  of  an  annual 
highway  expenditure  budget. 

The  major  items  of  the  budget  will  include  the  fol- 
lowing : 

a.  Maintenance 

b.  Reconstruction 

c.  New  construction 
Reconstruction  is  included  separately  from  mainte- 
nance for  in  the  progress  of  highway  improvement  the 
replacement  of  old  surfaces  is  usually  by  a  higher  type 
surface  and  consequently  the  road  is  improved  beyond 
its  first  condition. 

The  budget  for  the  state  highway  department  would, 
of  course,  apply  only  to  the  state  system  which  in  gen- 
eral includes  the  seven  per  cent  system.  The  estimates 
would  determine  the  amount  of  revenue  needed  for  the 
year's  program  for  the  different  classes  of  work.  The 
amounts  needed  for  maintenance  and  reconstruction  will 
be  determined  from  the  records  and  reports  of  the  condi- 
tion of  roads  in  the  system,  for  the  administration  of 
the  state  highway  systems  has  developed  to  the  point 
where  it  is  possible  to  estimate  within  reasonable  limits 
the  necessary  annual  maintenance  and  reconstruction 
requirements. 

The  new  construction  requirements  in  the  majority 
of  the  states  are  capable  of  absorbing  all  the  funds  that 
can  be  made  available,  so  it  is  in  the  fixing  of  this  fugd 
that  the  most  care  should  be  exercised,  but  it  should  be 
rafficient  to  complete  the  first  construction  of  the  state 
■yitem  within  the  shortest  period  consistent  with  good 


management  and  the  maintenance  of  competitive  prices. 
The  total  amount  as  well  as  the  division  of  the  total 
between  the  three  funds  will  vary  in  the  different  states, 
but  it  is  believed  that  it  will  be  possible  to  follow  the 
same  general  principles  to  the  raising  of  the  total  reve- 
nue required.  It  is  freely  admitted  that  these  sugges- 
tions are  tentative  and  subject  to  revision  in  keeping 
with  the  detailed  studies  which  are  now  being  made. 
Also  the  relation  of  urban  expenditures  and  local  ex- 
penditures for  streets  as  well  as  rural  roads  not  on  the 
state  systems  must  be  given  very  careful  thought.  How- 
ever, it  appeal's  more  than  probable  that  the  state  sys- 
tems will  be  ultimately  extended  to  provide  a  sufficient 
mileage  of  roads  to  take  care  of  all  the  main  highway 
transportation  needs  of  the  state. 

With  these  qualifications,  then,  it  is  believed  that  a 
proper  financial  policy  will  require  first  that  all  of  the 
maintenance  funds  be  met  from  the  revenues  derived 
from  the  road  user ;  second,  that  the  costs  of  reconstruc- 
tion be  met  from  the  revenues  derived  from  both  the 
road  user  and  from  state  taxes,  the  relative  percentages 
being  different  for  different  states  and  for  the  different 
types  of  roadways  built ;  third,  after  deducting  the  fed- 
eral aid  the  cost  of  new  construction  should  be  divided 
between  the  road  users  and  other  state  taxes  from  both 
urban  and  road  sources. 

Just  how  the  respective  revenues  for  reconstruction 
and  new  construction  shall  be  divided  between  revenues 
from  the  road  users  and  other  classes  of  revenues,  and 
how  these  costs,  once  apportioned,  shall  be  divided  to 
the  several  classes  of  road  users  and  the  different  classes 
contributing  to  the  other  revenues,  must  be  determined 
upon  the  most  thorough  research  and  investigation.    It 
has  been  stated  that  the  total  expenditures  for  rural 
highway  purposes  in  the  United  States  for  the  past  year 
■  were  approximately  $600,000,000.    These  revenues  came 
from  the  following  sources: 
Federal  Aid  14% 
State  road  bonds  7% 
State  taxes  and  appropriations  12% 
County,  township   and  district  taxes  and  as- 
sessments, 14% 
Motor  vehicle  revenues  19% 
Federal  aid  and  motor  vehicle  revenues  constituted  33 
per  cent;  the  remaining  67  per  cent  either  conies  direct- 
ly or  will  eventually  be  paid  from  state  and  local  taxes. 
It  is  believed  that  a  very  considerable  readjustment  of 
these  sources  of  revenues  must  be  made,  so  that  a  larger 
percentage  will  be  paid  by  the  road  user  and  a  lesser 
percentage  from  state  or  local  taxes.    This  statement  of 
motor  vehicle  revenues  is  not  fairly  representative  of 
the  total  funds  collected  directly  or  indirectly  from  the 
motor  vehicles,  for  our  estimates  show  the  following  reve- 
nues paid  during  the  fiscal  year  1921: 

Federal  taxes  paid  by  manufacturers  on 

passenger  cars  and  motor  trucks $115,546,249 

State  registration  fees - 122.478,654 
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Personal  property  taxes 52,500,000 

Wheel  and  privilege  license 3,636,543 

Gasoline  tax,  17  states,  calendar  year 

1922,  estimated  11,000,000 

A  total  of  .$305,161,146,  or  approximately  $30  for 
each  car  and  truck  registered  during  1921.  This  total 
sum,  it  will  be  noted,  amounts  to  over  one-half  of  the 
total  estimated  road  expenditure  for  1921. 

Consider  also  in  this  connection  the  question  of  gaso- 
line consumption.  It  is  probable  that  the  total  gas  con- 
sumption for  use  in  operating  automotive  vehicles  is  not 
far  short  of  four  billion  gallons  per  year.  An  advance 
of  one  cent  in  the  price  of  gasoline  on  the  annual  con- 
sumption would  amount  to  approximately  $40,000,000. 

Facts  as  to  the  type  of  construction  which  is  going 
into  the  road  building  program  must  also  be  given  con- 
sideration. For  over  11,000  mi.  of  federal  aid  roads 
involving  a  total  cost  of  over  $188,000,000,  the  surfacing 
cost  is  60  per  cent  and  the  remaining  40  per  cent  is 
made  up  of  grading  22  per  cent,  structures  14  per  cent, 
shoulders  1  per  cent,  engineering  3  per  cent.  That  is, 
40  per  cent  of  the  expenditures  were  for  the  perma- 
i'  nent  features  of  the  road  and  the  greater  part  of  the 
expenditures  for  surfacing  can  be  rightfully  considered 
in  the  same  class,  for  it  is  being  successfully  demon- 
strated that  by  supplementary  construction  such  as  the 
placing  of  new  surfaces,  the  widening  by  addition  of 
shoulders,  the  greater  part  of  the  investment  can  be  con- 
tinually maintained  and  thus  preserved  indefinitely.  Ex- 
penditures of  this  class  fall  into  the  category  of  main- 
tenance and  reconstruction,  and  if  continuance  of  these 
two  can  be  i-elied  upon  the  original  investment  is  pre- 
served indefinitel}'.  Therefore,  little  fault  can  be  found 
with  the  soundness  of  the  financing  if  bonds  are  issued 
for  new  construction  if  the  original  investment  is  thi;s 
continually  preserved. 

A  few  of  the  states  have  made  large  initial  expendi- 
tures ibr  construction  on  their  principal  highways. 
These  states  on  their  state  systems  will  in  the  future  re- 
quire large  sums  for  maintenance  and  reconstruction. 
The  wholly  new  construction  on  the  state  systems  will 
be  completed  within  a  few  years.  Other  states  have  a 
large  mileage  of  entirely  new  construction.  In  addi- 
tion, the  funds  for  maintenance  of  the  system  as  a  whole 
will  be  large,  since  the  policy  of  taking  over  the  entire 
state  system  for  maintenance,  regardless  of  its  condi- 
tion as  to  improvement,  is  being  followed  to  a  consid- 
erable extent.  The  results  accomplished  indicate  that  it 
will  be  necessary  for  the  states  generally  to  adopt  this 
policy.  It  is  evident,  therefore,  that  the  time  is  rapidly 
approaching  when  the  principal  demand  for  road  funds 
in  one  group  of  states  will  be  for  maintenance  and  re- 
construction, and  in  another  group  and  by  far  the  larger, 
for  maintenance  and  new  construction. 

Of  all  these  requirements  it  appears  that  the  funds 
for  the  new  construction  in  the  amounts  that  will  be 
needed,  will  be  the  most  difficult  to  secure.     The  public 


should  not  be  called  upon  to  bear  this  entire  cost  as  an 
annual  expense.  Rather  is  it  fair  to  distribute  these 
costs  over  a  period  of  years  extending  beyond  the  time 
of  the  maximum  expenditures  for  new  construction.  It 
is  not  doubtful  that  succeeding  generations  will  enjoy 
the  use  of  the  highways  which  are  being  built  now,  and 
there  is  nothing  unfair  or  to  be  criticized  in  pursuing 
a  financial  policy  which  distributes  a  portion  of  the  cost 
beyond  the  immediate  period.  No  enterprise  requiring 
funds  in  the  large  amounts  that  they  will  be  required  for 
the  new  construction  of  highways  can  go  forward  with- 
out anticipation  of  revenues. 

Experience  in  the  administration  of  highway  work 
has  already  established  certain  definite  principles  with- 
out the  observance  of  which  it  would  be  highly  unsafe 
to  resort  to  bond  issues.  The  major  principles  may  be 
outlined  as  follows : 

1.  As  a  general  proposition  .state,  not  local,  bonds 
should  be  issued  for  the  building  of  the  state  highway 
system.  In  any  case  the  total  amount  of  bonds  to  be 
issued  for  any  one  year  or  over  a  period  of  years  in  any 
state  should  be  subject  to  the  control  of  one  central  body. 

2.  Sufficient  revenues  must  be  derived  from  the  users 
of  the  highways  to  pay  all  of  the  maintenance  and  a  per- 
centage of  any  reconstruction  charges. 

3.  All  bond  built  highways  ought  to  be  maintained 
under  the  direct  supei'vision  of  the  state  Highway  De- 
partment, which  also  must  have  jurisdiction  of  the  reve- 
nues from  the  road  users,  and  the  proper  maintenance 
of  all  bond  built  roads  must  be  considered  a  first  lien 
upon  such  revenues. 

4.  The  proceeds  of  bonds  must  be  devoted  to  a  sys- 
tem of  roads  so  devised  that  as  the  system  is  completed 
these  roads  will  in  fact  continually  serve  the  major 
traffic  in  the  vicinity.  This  means  that  the  only  safe 
sequence  of  improvement  is  in  the  order  that  the  dif- 
ferent sections  of  the  system  serve  the  traffic. 

5.  Bonds  should  not  be  issued  in  an  amount  beyond 
the  ability  of  the  traffic  of  the  present  and  immediate 
future  to  pay  revenues  sufficient  for  the  proper  mainte- 
nance of  the  roads  built  from  the  proceeds. 

6.  The  type  of  roads  built  with  bonds  should  be  ad- 
justed to  the  traffic  which  they  will  be  called  upon  to 
l)ear  within  the  reasonable  future. 

It  will  be  noted  that  little  has  been  said  as  to  the 
uses  which  are  to  be  made  of  the  highways,  but  it  must 
be  remembered  that  the  whole  question  of  highway  trans- 
portation is  in  its  infant  stages.  Very  careful  investi- 
gations and  studies  are  now  going  forward  to  determine 
both  the  economic  limitations  of  highway  transport  and 
of  the  necessaj'ily  adjusted  highway  construction.  We 
have  made  rapid  progress  during  the  past  two  years 
toward  such  determination,  and  the  suggestions  which 
liave  been  made  are  based  upon  an  administration  of  a 
highway  program  predicated  upon  the  results  and  de- 
terminations of  these  scientific  researches  and  investiga- 
tions.    The  science  of  highway  administration  is  being 
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rapidly  developed,  but  the  principles  and  information 
available  must  be  given  the  widest  publicity.  It  makes 
no  difference  how  sound  a  policj'  may  be  adopted  by  one 
administration.  The  work  of  providing  a  road  bed  for 
the  rolling  stock  now  in  existence  will  extend  over  more 
than  a  decade  into  the  future,  and  it  will  lie  with  the 
public  to  determine  whether  the  policies  shall  be  car- 
ried out  or  whether  there  shall  be  a  change  with  every 
change  in  the  complexion  of  the  administration.  This 
is  the  most  uncertain  feature  of  any  connected  with 
the  financing  of  road  improvements,  particularly  where 
it  is  desirable  to  issue  bonds  for  a  long  period.  If  per- 
manent policies  can  be  adopted  and  carried  forward 
without  change  over  a  period  of  years,  the  necessary 
roads  can  be  built  without  undue  burdens  upon  the  pub- 
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lie.  But  only  can  this  be  done  by  foreseeing  now  and 
adhering  to  safe  and  sound  financial  policies.  The  ob- 
jective, after  all,  is  to  furnish  the  cheapest  possible 
highway  transportation,  which  involves  both  the  rolling 
stock  and  the  road  bed.  But  the  public  have  under- 
taken to  provide  the  road  bed  as  a  public  responsibility, 
and  there  should  be  no  misunderstanding  of  the  huge 
sums  which  are  involved  in  the  undertaking. 


SCHOOL  CHILDREN  WILL 

STUDY  HIGHWAY  TEANSPORT 

Prompted  by  the  success  of  tlu;  educational  outline 
on  highway  transport  prepared  for  university  use  under 
their  direction  by  Prof.  Lewis  Mclntyre,  the  officials  of 
the  Highway  and  Highway  Transport  Education  Com- 
mittee have  now  turned  to  Prof.  Buckner  of  the  School 
of  Education  of  the  University  of  Pittsburgh  to  trans- 
late the  book  into  language  designed  for  use  by  high 
school  students  throughout  the  country.  The  new  pam- 
phlet will  be  prepared  in  co-operation  with  officials  of 
the  U.  S.  Bureau  of  Public  Roads,  the  U.  S.  Bureau  of 
Education  and  other  organizations  represented  on  the 
committee  and  will  be  the  first  comprehensive  effort  to 
place  the  subject  of  highway  transport  before  the  high 
school  students  of  the  country. 

Mn.  Florence  Fox,  specialist  of  educational  systems 


in  the  Bureau  of  Education,  has  been  working  for  sev- 
eral months  in  the  preparation  of  an  outline  on  highway 
transport  for  use  by  students  in  the  fifth  and  sixth 
grades.  This  work  has  taken  the  form  of  project  teach- 
ing, by  means  of  which  the  pupil  examines  the  relation 
of  highway  location,  construction  and  use  to  the  his- 
torical, civic,  geographical  and  economic  development  of 
the  community  in  which  he  lives,  as  well  as  learning 
something  of  their  national  significance.  The  course  is 
now  being  demonstrated  in  the  Thompson  grammar 
school  in  Washington,  D.  C.  So  interested  have  the 
pupils  been  that  they  have  spent  much  time  out  of  school 
hours  in  having  their  parents  drive  them  to  the  various 
bridges  and  highways  of  Washington  in  order  to  learn 
something  about  them  at  first  hand. 


REACH  AGREEMENT  ON  HIGHWAY  BILL 

The  deadlock  in  Congress  on  highway  legislation  came 
to  an  end  June  3  when  conferees  for  the  Senate  and  for 
the  House  of  Representatives  compromised  their  differ- 
ences. The  Senate  conferees  agreed  to  accept  the  Dunn 
bill  instead  of  a  direct  appropriation  under  the  provi- 
sions of  the  original  federal  aid  act.  The  House  con- 
ferees in  turn  agreed  to  changes  in  the  Dunn  bill,  the 
most  important  of  which  is  an  increase  in  the  limit  of 
federal  participation  per  mile  of  road.  The  bill,  as 
agreed  upon  in  conference,  authorizes  the  expenditure 
of  $50,000,000  for  the  next  fiscal  year,  $65,000,000  for 
the  fiscal  year  which  ends  June  30, 1924,  and  $75,000,000 
for  the  fiscal  year  ending  June  30,  1925.  Federal  aid 
is  limited  to  $16,250  per  mile  during  the  fiscal  year  to 
end  June  30,  1923,  and  $15,000  per  mile  thereafter. 
The  yearly  expenditure  of  $6,500,000  for  forest  roads 
and  trails  is  now  authorized  for  both  1924  and  1925  in- 
stead of  for  1924  only  as  provided  in  the  original  House 
bill.  

BIG  PROGRESS  THIS  SEASON 

EXPECTED  IN  ROAD  BUILDING 

From  the  progress  being  made  in  Federal-aid  work, 
the  states  are  exerting  every  effort  to  make  the  present 
season  a  big  one  for  road  construction,  according  to  the 
U.  S.  Bureau  of  Public  Roads.  In  February,  $3,906,000 
was  allotted,  and  in  March,  the  figure  jumped  to  $12,- 
029,000. 

In  April,  plans  for  225  projects  were  approved  by 
the  bureau,  the  second  largest  number  in  the  history  of 
federal  aid,  and  indications  are  that  the  number  for  May 
will  be  even  larger.  In  the  past  the  peak  in  volume  of 
plans  approved  came  in  June  and  July;  the  earlier 
occurrence  this  year  shows  that  the  states  are  making 
good  their  promise  to  get  as  much  work  under  construc- 
tion as  possible  to  take  advantage  of  lower  prices  and 
relieve  the  unemployment  situation.  A  considerable 
portion  of  the  projects  for  which  the  plans  are  approved 
should  get  under  construction  during  the  summer  and 
add  greatly  to  the  13,950  mi.  under  construction  on 
March  31. 
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THE  COMPROMISE  ON  HIGHWAY  LEGISLATION 

The  demand  on  the  part  of  the  House  of  Representa- 
tives for  consideration  of  the  highway  bill  introduced 
by  Chairman  Dunn  of  the  House  Committee  on  Roads 
has  resulted  in  the  acceptance  of  that  bill  by  the  con- 
ferees for  the  Senate  after  various  changes  had  been 
made.  The  bill,  as  agreed  upon  in  conference,  is  more 
acceptable  to  road  builders  than  the  original  Dunn  bill, 
but  probably  not  as  acceptable  as  the  appropriation 
voted  by  the  Senate  under  the  provisions  of  the  original 
federal  aid  act. 

In  the  matter  of  federal  aid  participation,  the  bill  now 
sets  the  limit  at  $16,500  per  mile  for  the  next  fiscal  year 
and  at  $15,000  per  mile  thereafter.  The  present  law 
sets  the  limit  at  $20,000  per  mile  and  the  original  House 
bill  set  it  at  $12,500  so  that  it  is  very  evident  that  the 
conferees  did  not  base  their  decision  on  a  study  of  the 
merits  of  the  two  laws,  but  on  the  simple  arithmetical 
problem  of  striking  an  average.  With  increased  traffic 
over  the  highways  of  the  country  necessitating  better, 
more  durable  and  therefore  more  expensive  types  of 
pavement,  it  did  not  seem  wise  to  cut  the  limit  of  fed- 
eral participation  at  all  on  account  of  the  hardship 
worked  on  the  western  states  which  are  thinly  populated 
and  dependent  on  federal  aid. 

The  other  major  change  in  the  Dunn  bill  lengthened 
the  program  from  two  years  to  three.  The  House  com- 
mittee provided  for  two  years  only  in  the  hope  that  the 
financial  situation  would  improve  in  that  period  and 


that  it  might  be  possible  to  return  to  an  appropriation 
of  $100,000,000  in  1925.  The  conference  set  $75,000,000 
for  the  fiscal  year  ending  June  30,  1925,  $65,000,000  for 
the  fiscal  year  ending  June  30,  1924,  and  $50,000,000  for 
the  coming  year.  That  amounts  to  a  reduction  of  $15,- 
000,000  next  year  and  $10,000,000  in  1924,  and  removes 
all  hope  of  getting  the  larger  appropriation  in  1925. 
This  reduction  was  made  in  spite  of  the  fact  that  it  will 
delay  the  normal  development  of  our  highway  system 
and  was  the  subject  of  general  protest  from  highway 
officials. 


VOLUME  AND  WEIGHT 

Frequently,  the  road  contractor  finds  it  necessary  or 
advisable  to  import  broken  stone  instead  of  operating  a 
crushing  plant  on  the  job.  When  he  figures  on  such  a 
liroposition,  he  is  moved  by  two  considerations,  the  price 
of  the  stone  and  the  cost  of  transportation.  The  former, 
in  most  cases,  is  quoted  as  so  much  per  ton  at  the  quarry. 
Transportation  would  be  by  rail,  by  water,  or  by  motor 
truck.  If  by  rail  or  water,  the  motor  truck  would  prob- 
ably be  used  to  haul  to  the  job  from  car  to  barge.  Rail 
and  water  freight  charges  are  made  on  a  weight  basis 
and  the  tendency  is  for  haulage  by  motor  truck  to  be 
paid  for  on  the  same  basis.  When  hauling  by  motor 
ti'uck  from  a  ear  or  barge,  it  is  simpler  to  pay  by  weight 
because  the  correct  weight  will  appear  on  the  bill  of 
lading  and  there  is  no  need  of  measuring  or  cheeking 
up  on  the  loads.  Even  when  drawing  direct  from  the 
quarry,  it  is  easier  to  weigh  a  load  than  it  is  to  measure 
it  and  there  is  much  less  chance  of  error. 

In  the  majority  of  cases  then,  the  contractor  will  find 
both  the  price  of  the  stone  and  the  cost  of  transportation 
cliarged  on  the  basis  of  weight.  After  he  has  placed  it 
in  the  road  bed,  he  is  paid  for  it  by  volume,  either  by 
cubic  or  square  yard.  Now,  it  may  well  be  assumed  that 
he  will  find  two  or  more  quarries  in  his  locality  produc- 
ing broken  stone  of  different  kinds,  and  that  each  kind 
will  meet  the  requirements  of  the  specifications  under 
which  he  is  working.  These  different  kinds  of  stone  ■^^^ll 
vary  in  price  and  they  will  also  vary  in  weight.  It  is 
evident  that  a  stone  weighing  2,800  lb.  to  the  cu.  yd.  will 
not  build  as  much  road  per  ton  as  a  stone  weighing  2,500 
lb.  to  the  cu.  yd.  This  loss  of  volume  is  not  lost  sight 
of  by  the  producer  and  governs  the  price  so  that  the 
heavier  stone  is  the  cheaper.  It  is  a  simple  matter  for 
the  contractor  to  figure  whether  the  difference  in  price 
is  sufficient  to  compensate  him  for  the  loss  in  volume. 
And  after  that,  there  is  the  matter  of  transportation 
charges, — paid  for  by  weight.  It  is  again  evident  that 
it  is  going  to  cost  more  to  ship  the  heavier  stone.  Is 
the  difference  in  price  sufficient  to  cover  that  loss  too  ? 

This  matter  is  one  for  each  contractor  to  determine 
for  himself  in  his  own  individual  case.  It  is  broughx 
up  here  in  the  belief  that  it  is  a  point  which  many  con- 
tractors might  overlook  and  one  to  which  they  might 
well  give  consideration. 
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Recent  Developments  in  Highway  Research 

Experimental  Work  on  Bates,  Arlington  and  Pittsburgh  Test  Roads  Continues— 
Bureau  of  Public  Roads  Devises  New  Instruments  for  Tests 


The  second  of  the  traffic  run  tests  to  be  conducted 
on  the  Bates  experimental  road  was  completed  on  Sat- 
urday, May  13,  when  the  63  sections  of  the  test  high- 
way had  been  subjected  to  3,200  applications  of  the  last 
increment  of  load.  The  load  which  was  applied  to  the 
pavements  during  this  run  was  3,500  lb.  on  each  rear 
wheel  of  the  trucks  and  2,150  lb.  on  each  of  the  front 
wheels.  Three-iton  Liberty  trucks,  with  bodies  at- 
tached, were  used  to  produce  the  load,  and  brick  piled 
in  the  body  made  up  any  deficit  in  weight.  The  loads, 
as  applied,  corresponded  to  350  lb.  per  in.  of  nominal 
width  of  rear  tire,  and  430  lb.  per  in.  of  width  of  front 
tire.  Though  it  was  originally  intended  to  apply  this 
load  only  1,000  times  to  each  edge  of  the  sections,  it  was 
later  decided  to  subject  the  pavements  to  a  greater  num- 
ber of  applications  in  order  that  the  thinner  sections 
might  be  given  a  thorough  test  to  determine  their  resis- 
tance qualities. 

The  load  was  first  applied  as  in  the  preceding  test. 
the  trucks  traveling  on  the  extreme  edges  of  the  pave- 
ments. After  627  applications  had  been  applied  in  this 
manner,  it  was  decided  to  move  the  traffic  in  on  the  north 
side  with  the  outside  rear  wheels  of  the  trucks  traveling 
2.5  in.  from  the  edge.  The  object  for  making  this  change 
of  traffic  position  was  to  study  the  results  on  pavements 
with  the  loads  applied  at  a  certain  distance  from  the 
edge.  It  seems  entirely  possible  that  the  material  neces- 
sary to  construct  a  narrow  rigid  slab  of  sufficient  strength 
to  carry  given  wheel  loads,  if  used  to  construct  a  thin- 
ner slab  of  greater  width,  would  result  in  a  pavement 
of  equal  or  greater  durability.  Such  a  result  would  be 
due  to  the  fact  that  wide  roadways  would  in  all  probab- 
ility lessen  the  frequency  of  the  application  of  maximum 
loads  to  the  weak  points,  the  corners.  Reasoning  along 
this  line,  it  is  quite  possible  that  added  load  carrying 
capacity  can  be  secured  more  cheaply  by  adding  to  the 
width  of  the  pavement  than  in  any  other  way. 

After  a  total  number  of  1,167  applications  of  this 
load,  it  was  noticed  that  exceptionally  strong  support 
was  given  the  corners  of  the  sections  by  the  adjoin- 
ing slabs.  In  other  words,  the  pavement,  due  to  per- 
vailing  warm  weather,  had  expanded  to  such  an  extent 
that  the  loads  were  distributed  across  the  joints  which 
contained  no  dowels  in  the  same  manner  as  over  joints 
containing  dowels.  This  condition  eliminated  to  a  great 
extent  the  free  comers,  the  weakest  points  in  the  slabs, 
and  resulted  in  a  greater  strength  of  section  than  is 
normally  the  case  during  the  late  fall,  winter,  and  spring 
months.  To  prevent  this  condition,  one  transverse  cut 
about  1  in.  wide  was  made  through  each  section  of  pave- 
ment of  rigid  type  and  the  cut  thus  formed  was  filled 


with  asphalt.  The  traffic  was  then  started  and  1,000  ad- 
ditional applications  of  the  load  made. 

Upon  the  completion  of  2,167  applications  of  this  load, 
night  traffic  was  started.  Preliminary  investigations 
on  the  Bates  road  showed  conclusively  that  during  the 
night  the  edges  of  rigid  type  pavements  curl  up  and, 
while  in  this  position,  receive  very  little  or  no  support 
from  the  subgrade.  Pavements  in  the  localities  where 
night  traffics  is  imposed  upon  them,  especially  in  the 
vicinities  of  large  cities,  must  necessarily  withstand  this 
extreme  condition  of  strain  and  it  was  with  this  in  mind 
and  to  gain  an  insight  to  the  actions  of  various  types 
of  pavements  subjected  to  this  condition,  that  the  night 
traffic  on  the  Bates  road  was  introduced.  An  electric 
lighting  unit  was  installed  at  the  test  road  in  order  to 
facilitate  the  night  runs. 

As  the  maximum  curling  of  pavement  has  been  indi- 
cated to  take  place  between  the  hours  of  9 :00  P.  M.  and 
6:00  A.  M.,  the  night  traffic  was  applied  during  these 
hours.  Fourteen  trucks  were  employed  in  both  the  night 
and  day  runs  with  the  3,500  lb.  load,  approximately 
350  applications  being  secured  in  the  daytime  and  300 
at  night.  Due  to  an  extremely  heavy  rain  storm  at  mid- 
night on  the  second  night  of  the  run,  traffic  was  tem- 
porarily suspended  and  only  167  applications  were  se- 
cured at  that  time. 

Thus,  up  to  date,  the  pavement  has  been  subjected  to : 
1,000  round  trips  of  the  trucks  loaded  with  2,500  lb.  on 
each  rear  wheel  and  2,150  lb.  on  the  front  wheels,  day- 
time loads,  the  outside  rear  wheel  running  directly  on 
the  edge  of  the  pavement ; 

627  trips  with  loads  of  3,500  lb.  on  each  rear  wheel  and 
2,150  lb.  on  each  front  wheel,  daytime  loads,  outside 
rear  wheel  running  directly  on  the  edge  of  the  pavement; 
540  daytime  trips  with  the  same  load  but  with  the  out- 
side rear  wheel  running  directly  on  the  edge  on  one 
side  of  the  pavement  and  2.5  ft.  in  from  the  edge  on  the 
other  side; 

1,000  daytime  trips  with  the  same  load  and  with  the 
trucks  applying  the  load  along  the  same  line  but  with 
the  joints  of  the  pavement  cut  open ; 
1,033  night  trips  with  the  loads  applied  under  the  same 
conditions  as  previously. 

Observations  of  the  effects  of  the  traffic  were  made  in 
the  same  manner  as  in  the  first  run  on  the  road,  ob- 
servers being  assigned  to  a  certain  number  of  sections 
to  record  all  cracks  and  failures  as  they  occur.  Traffic 
breaks  were  considered  failures  under  this  load  as  under 
the  first  load. 

A  3,500  lb.  load  applied  6  in.  from  the  corners  on 
the  thinnest  (4-in.)  rigid  pavements  produces  tensil 
fibre  stress  of  about  500  lb.  per  sq.  in.,  considering  the 
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corners  as  unsupported  cantilevers.  As  the  test  speci- 
mens, which  were  cast  of  the  same  material  and  at  the 
same  time  as  the  sections  were  laid,  show  a  modulus  of 
rupture  of  from  600  lb.  to  650  lb.  per  sq.  in.,  the  actual 
stress  produced  in  these  sections  is  approximately  75 
to  80  per  cent  of  the  ultimate,  and  therefore  corner 
breaks  in  all  such  sections  might  be  expected.  This  same 
load  applied  in  like  manner  to  5-in.  rigid  pavements 
produces  tensile  fibre  stresses  of  about  300  lb.  per  sq.  in. 

After  the  line  of  traffic  was  changed  from  the  edge 
to  30  in.  in  on  one  side  of  the  pavement,  there  was  no 
further  failures  on  that  side  but,  on  the  opposite  side, 
there  were  14  corner  breaks  in  all,  6  occurring  before 
the  joints  were  cut  and  8  after  the  joints  were  cut.  There 
is  no  doubt  but  that  the  change  of  traffic  has  prevented 
further  failures  on  that  side  of  the  pavement. 

The  opening  of  the  cracks  and  joints  due  to  cold 
weather  makes  a  marked  difference  in  the  carrying  capac- 
ity of  a  given  pavement  as  is  shown  from  the  results 
obtained  from  this  test.  Only  2  corner  breaks  occurred 
during  the  1,167  applications  of  the  3,500  lb.  load  before 
the  joints  were  cut  and  7  corner  breaks  occurred  during 
the  following  1.000  applications  of  the  same  load  applied 
after  the  joints  were  opened. 

Apparently,  the  night  loading  was  but  little,  if  any, 
more  serious  than  the  day  loading,  possibly  due  to  the 
fact  that  the  subgrade  was  crowded  away  from  under- 
neath the  edge  of  the  pavement,  before  the  night  runs 
were  made,  by  the  continuous  applications  of  the  truck 
loads  along  the  edges.  If  this  is  the  condition,  the  stress 
to  which  the  slab  was  subjected  during  day  loading 
would  be  as  great  as  during  night  loading  and  that 
would  account  for  the  fact  that,  as  a  result  of  the  1,033 
applications  of  the  night  loads  with  joints  open,  only 
two  additional  breaks  were  obsei-ved  while,  as  a  result 
of  1,000  applications  of  day  loads  applied  just  pre- 
vious and  under  the  same  conditions,  six  breaks  occurred. 

The  next  increment  of  load  to  be  applied  will  be  such 
that  each  of  the  rear  wheels  mil  carry  4,500  lb.  and  each 
of  the  front  wheels  2,000  lb.  The  load  on  the  front 
wheels  is  lessened  under  this  load,  due  to  the  increased 
weight  in  the  rear  taking  some  weight  off  of  the  front 
of  the  truck.  One  thousand  or  more  applications  of  this 
load  will  be  made  in  the  day  runs  and  there  is  some 
possibility  of  running  the  same  number  at  night.  The 
latter  step  is  to  be  considered  after  the  completion  of 
the  day  run. 

Experimental  road  work  at  Arlington  to  Continue 
A  comprehensive  program  of  road-building  research 
and  investigation  during  the  coming  season  at  the  Ar- 
lington Experimental  Station  near  Washington,  D.  C, 
is  announced  by  the  U.  S.  Bureau  of  Public  Roads.  Im- 
pact tests  on  pavements,  subgrade  studies  and  other  ex- 
periments, which  last  year  arou.sed  much  interest  among 
engineers,  will  be  continued  as  well  as  other  lines  of 
work  under  way  last  year  and  several  new  ones. 


Bituminous  wearing  surfaces  are  to  be  investigated 
to  determine  the  reason  for  the  formation  of  waves  and 
irregularities  and  to  settle  mooted  questions  concerning 
the  proper  mixture  and  the  proper  mineral  aggregates 
to  be  used  in  bituminous  roads.  More  than  30  sections 
of  different  types  of  bituminous  construction  will  be 
built.  These  will  include  mixtures  of  different  mechani- 
cal grading  and  with  different  percentages  of  bitumen 
of  several  degrees  of  hardness.  Sections  are  beuig  con- 
structed on  a  circular  track  about  600  ft.  in  circumfer- 
ence, the  roadway  being  13  ft.  wide.  On  this  roadway 
will  be  operated  a  5-ton  army  truck  equipped  with  solid 
tires.  The  truck  will  be  operated  in  a  varying  path  so  as 
to  cover  practically  the  entire  width  of  the  roadway  and 
will  travel  at  a  speed  of  from  12  to  15  mi.  an  hour  for 
five  or  six  months,  or  until  some  results  are  obtained 
leading  to  the  solution  of  the  problems  involved. 

Another  test  will  be  made  on  about  65  sections  of 
concrete  wearing  surface  which  will  be  constructed  on 
a  circular  runway  about  4  ft.  wide  and  650  ft.  in  cir- 
cumference. Each  section  will  differ  in  the  quality  of 
the  concrete  used  which  will  be  varied  by  use  of  dif- 
ferent aggregates,  different  proportions  of  the  mix,  and 
different  quantities  of  mixing  water.  On  this  runway, 
will  be  operated  a  specially  constructed  car  with  two 
truck  wheels  equipped  with  solid  rubber  tires  and  load- 
ed to  represent  a  truck.  The  car  will  be  guided  by  small 
railroad  rails  to  hold  it  in  position  and  the  power  will 
be  applied  by  means  of  an  electric  motor  to  the  rear 
wheel.  This  apparatus  will  be  operated  around  the  cir- 
cular runway  at  a  speed  of  probably  20  mi.  an  hour. 
The  test  will  involve  the  use  of  truck  wheels  equipped 
with  different  kinds  of  tires  and  will  include  the  use 
of  non-skid  chains.  A  steel-tired  wheel  will  probably 
also  be  used  to  get  the  effect  of  an  accelerated  wear  test. 

The  object  of  this  experiment  is  to  determine  the 
relative  wear  of  the  different  concrete  sections  when 
subjected  to  traffic  equipped  with  different  types  of 
wTieel  and  also  to  furnish  a  comparison  between  actual 
service  conditions  and  laboratory  tests. 

In  a  rather  elaborate  series  of  experiments,  the  bureau 
has  studied  impact  of  trucks  on  roads,  and  has  deter- 
mined approximately  the  magnitude  of  impact  force 
under  different  truck  and  road  conditions.  The  effect 
of  such  impact  on  concrete  pavements  and  several  types 
of  road  on  concrete  base  was  studied  and  reported  on 
last  year.  This  series  of  experiments  is  to  be  continued 
and  enlarged.  Over  120  road  sections  or  slabs  have  been 
constructed  in  duplicate  series.  One  series  is  on  a  care- 
fully drained  dry  subgrade;  the  other  series  is  on  the 
same  kind  of  subgrade  except  that  it  is  kept  wet  and  as 
nearly  saturated  as  possible  by  means  of  an  underlying 
drain  tile  and  side  ditches  filled  with  water.  The  test- 
ing of  these  slabs  will  be  carried  on  by  means  of  a  new 
impact  machine,  now  being  constructed,  which  simu- 
lates the  action  of  the  rear  wheel  of  a  truck.  On  this 
machine  may  be  mounted  truck  wheels  of  different  sizes  . 
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and  weights  carrying  different  kinds  of  truck  tires.  This 
apparatus  may  be  so  operated  as  to  reproduce  the  dif- 
ferent loading  and  equipment  conditions  of  a  large  va- 
riety of  tracks.  The  slabs  will  be  hammered  by  means 
of  this  machine  in  the  center,  on  the  corners,  and  on 
the  sides  so  as  to  obtain  the  relative  strength  under 
these  different  conditions. 

Subsoil  investigations  are  being  continued  for  the  pur- 
pose of  studying  and  investigating  relative  stability, 
moisture  condition,  and  supporting  value.  Different 
methods  of  determining  the  bearing  value  of  soils  are 
also  being  studied,  that  is,  as  to  whether  small  or  large 
areas  should  be  used  in  determining  the  relative  bearing 
yalne. 

The  warping  effect  of  temperature  and  moisture  con- 
ditions on  concrete  pavements  is  also  being  investigated. 
Temperatures  and  movement  are  being  recorded  graphi- 
cally on  continuous  charts.  In  addition  to  these  tem- 
perature and  movement  measurements,  the  pressures  on 
the  subgrade  under  the  concrete  slab  are  obtained  by 
means  of  soil  pressure  cells.  This  investigation  will 
give  some  definite  information  concerning  the  support 
offered  by  subgrades  to  rigid  concrete  roads. 

The  transmission  of  loads  through  different  types  of 
pavements  to  the  subgrade  is  being  investigated  by 
means  of  soil  pressure  cells  placed  on  the  subgrade  under 
the  pavements.  This  test  will  also  serve  to  show  the  rel- 
ative support  offered  to  brick  and  other  types  of  block 
pavement  by  concrete  bases  and  broken  stone  bases. 

A  large  number  of  prominent  engineers  and  others 
interested  in  road  work  have  visited  the  Arlington  Ex- 
perimental Station  to  witness  the  preparation  and  eon- 
duet  of  these  experiments.  It  is  intended  to  have  all 
these  projects  in  full  operation  by  the  middle  of  June. 
Visitors  are  always  welcome  and  those  in  charge  of  the 
work  are  always  glad  to  give  any  information  desired 
about  the  experiments. 

Tests  Resumed  on  Pittsburgh  Highway 

The  California  Highway  Commission  with  the  cooper- 
ation  of  the  U.  S.  Bureau  of  Public  Roads  has  resumed 
traffic  upon  the  test  highway  at  Pittsburgh,  Cal.  The 
tests  which  were  interrupted  last  fall  will  be  continued 
to  completion  and  then  an  entirely  new  series  will  be 
started.  The  purpose  of  the  tests  is  to  investigate  the 
strength  of  various  types  of  concrete  roads  and  the  effect 
upon  them  of  steel  reinforcement.  There  are  at  present 
46  trucks  available  for  the  tests.  They  carry  5-ton 
loads  and  run  in  opposite  directions  continuously  8 
hours  per  day  for  6  days  a  week  at  a  constant  speed  of 
14  mi.  per  hoar. 

New  Apparatus  to  Record  Road  Surface  Irregularities 
It  has  been  suspected  for  some  time  that  roughness  in 
a  road  surface  is  objectionable,  not  only  from  the  point 
of  view  of  those  who  travel  over  the  road,  but  that  it  is 
also  productive  of   damaging  forces  which  affect  the  in- 


tegrity and  life  of  the  road.  It  is  for  this  reason,  no  less 
than  for  accommodation  of  travelers  that  clauses  have 
been  inserted  in  modern  specifications  limiting  the  de- 
gree of  roughness  which  will  be  permitted  in  the  finished 
pavement.  Such  clauses,  in  fact,  are  inserted  primarily 
with  the  protection  of  the  road  in  mind,  because  the 
minor  roughness  which  it  is  their  purpose  to  limit  is  not 
particularly  objectionable  to  traffic. 

Although  there  has  been  a  well  founded  belief  that 
such  roughness  does  add  to  the  intensity  of  the  destruc- 
tive force  of  impact,  there  has  heretobefore  been  no 
means  of  measuring  the  effect  of  it;  nor  has  there  been 
any  instrument  by  which  all  the  minor  variations  of  sur- 
face level  which  make  up  roughness  could  be  measured 
Avith  accuracy. 

Two  instruments  have  recently  been  devised  by  the 
Division  of  Tests  of  the  Bureau  of  Public  Roads  for  the 
purpose  of  supplying  this  information  in  connection 
with  the  accelerated  traffic  test  which  are  being  con- 
ducted under  the  direction  of  Mr.  Clifford  Older,  Chief 
Engineer  of  the  Illinois  Division  of  Highways  on  the 
Bates  experimental  road.  The  two  instruments  are 
knoAvn  respectively  as  a  profilometer  and  an  accelero- 
meter. 

The  profilometer  which  is  to  be  used  for  measuring 
roughness  has  just  been  constructed  at  the  laboratory  of 
the  Illinois  Division  of  Highwaj^s.  By  means  of  this  de- 
vice the  profile  of  any  part  of  the  road  surface  can  be 
quickly  and  accurately  obtained.  Aside  from  its  use  in 
highway  investigations,  it  will  be  of  particular  value  to 
all  engineers  engaged  in  highway  construction  since  it 
affords  a  quick  and  simple  means  of  determining  if  road 
surfaces  conform  to  the  degree  of  smoothness  required 
by  pavement  specifications. 

The  apparatus  consists  of  a  straight  edge  or  track  24 
ft.  long  and  a  recording  device  which,  when  drawn  over 
the  track,  records  accurately  and  autographically  the 
profile  of  the  pavement  beneath.  The  track  as  used  on 
the  Bates  road  is  supported  by  three  bicycle  wheels  and 
consists  of  two  wooden  trusses  24  ft.  long  by  20  in.  high 
with  a  3  in.  space  between  them.  Four  turnscrews,  two 
at  each  end,  permit  of  leveling  the  track  at  each  set-up, 
while  a  piano  wire  under  constant  tiusion  which  is 
stretched  from  end  to  end  gives  a  datum  for  detecting 
any  .sag  in  the  track. 

The  recording  apparatus  consists  of  an  American 
strainograph  to  the  pen  arm  of  which  is  attached  a  rod 
connected  with  a  brass  wheel  which  rests  on  the  paver- 
ment  surface.  The  vei'tical  movements  of  the  small 
wheel  caused  by  irregularities  in  the  surface  are  traced 
on  the  recording  paper  by  the  pen.  The  instrument  is 
mounted  on  a  1.5x8x30  in.  wooden  platform  which  rides 
over  the  trusses  on  four  wheels,  each  2.5  in.  in  diameter 
and  2  in.  wide.  The  platform  is  kept  centered  by  two 
wheels  which  run  in  the  3-in.  space  between  the  trusses. 

For  drawing  the  recording  device  over  the  track,  a 
wire  cable  is  used  attached  to  each  end  of  the  platform 
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and  passing  over  a  pulley  at  each  end  of  the  trusses. 
The  pulley  at  one  end  is  operated  by  a  crank. 

In  addition  to  the  autographic  record  of  the  profile, 
the  summation  of  the  vertical  ordinate  of  the  surface 
profile  can  also  be  obtained  from  the  profilometer  by 
means  of  a  special  attachment  which  consists  of  a  fibre 
strip  0.5  in.  wide  by  6  in.  long  which  receives  the  pen 
arm  movement  and  operates  against  the  recording  wheel 
of  a  planimeter  in  such  a  way  that  the  upward  move- 
ment only  is  recorded.  For  convenience  in  securing  the 
total  of  upward  movements,  a  record  is  made  at  every 
ten  revolutions  of  the  planimeter  wheel  by  breaking  an 
electric  circuit.  The  summation  of  vertical  ordinates 
shown  by  the  attachment,  divided  by  the  length  of  sur- 
face passed  over,  gives  an  average  ordinate  which  can  be 
considered  as  a  roughness  factor. of  the  particular  sur- 
face. 

The  rolls  carrying  the  recording  paper  are  driven  by 
a  pulley  which,  by  contact  with  a  cord  fastened  at  each 
end  of  the  track,  is  caused  to  revolve  as  the  platform  is 
drawn  along  the  track.  Thus  the  paper  on  which  the 
record  is  made  moves  a  distance  proportional  to  that 
traversed  by  the  wheel  on  the  pavement  surface.  The 
ratio  of  paper  length  to  observed  surface  distance  in 
this  case  is  about  1.10    . 

This  apparatus  can  be  used  to  check  up  the  smooth- 
ness of  any  length  of  pavement.  As  a  first  step  levels 
are  taken  on  points  18  ft.  apart.  The  track  is  then  set 
over  these  points  and  the  recording  apparatus  is  drawn 
over  it.  When  these  points  are  plotted  on  the  profile 
paper,  the  records  can  be  placed  directly  on  the  points 
and  so  give  a  continuous  and  accurate  profile  of  the  sur- 
face for  any  required  distance.  One  of  the  apparent 
advantages  of  the  apparatus  is  the  fact  that  the  rough- 
ness can  be  determined  accurately  and  in  a  compara- 
tively short  length  of  time.  On  the  Bates  experiment, 
this  apparatus  will  be  used  to  determine  the  roughness 
of  the  surface  before  it  is  subjected  to  traffic  as  well  as 
the  effect  of  the  traffic  upon  the  surface. 

The  profilometer  will  be  used  also,  in  conjunction  with 
the  accelerometer  attached  to  one  of  the  test  trucks,  for 
determining  how  roughness  of  the  surface  influences  the 
impact  of  the  motor  wheel.  The  accelerometer  which 
was  improvised  by  the  Bureau  of  Public  Roads  consists 
of  the  recording  part  and  case  of  an  American  straino- 
graph,  to  the  pen  arm  of  which  is  attached  a  rod  support- 
ing a  weight  suspended  between  two  compression  springs. 
This  device  is  attached  by  means  of  rods  directly  to  the 
rear  axle  of  the  truck.  In  this  apparatus  also  the  re- 
cording paper  moves  a  distance  proportional  to  that 
passed  over  by  the  motor  wheel,  the  roll  carrying  the 
paper  being  driven  by  a  speedometer  cable  and  a  small 
rubber  tired  wheel,  which  rests  against  the  brake  drum 
of  a  rear  wheel  of  the  truck. 

The  theory  of  this  device  is  simple.  If  there  is  no 
vertical  acceleration  of  the  axle,  the  weight  will  not 
change  its  position  with  respect  to  the  axle  and  the 
record  will  be  a  straight  line.    Any  vertical  acceleration, 


however,  will  cause  the  weight,  and  consequently  the  pen, 
to  vary  from  a  straight  line  and  the  greater  the  ac- 
celeration the  greater  will  be  the  variation  from  la 
straight  line.  This  variation  is  a  measure  of  the  force 
which  causes  it  and  the  force  corresponding  to  any  par- 
ticular variation  can  be  determined  by  calibrating  the 
springs.  Knowing  this  force  and  the  mass  of  the  wheel 
and  axle,  it  will  be  possible  to  compute  the  correspond- 
ing impact. 

Having  secured  from  this  instrument  fthe  gi-aphs 
showing  relative  impacts  produced  by  different  parts  of 
the  surface  and  from  the  profilometer  graphs  showing 
the  roughness  of  these  parts  of  the  surface,  a  means  re- 
sults by  which  the  effect  of  the  surface  roughness  on  the 
impact  of  motor  wheels  can  be  studied  with  a  fair  degree 
of  accuracy.  A  study  of  the  chart  secured  from  these 
two  instruments  shows  both  the  variation  in  the  road 
surface  and  the  effect  of  this  variation  on  the  moving 
motor  truck  wheel. 

By  means  of  the  accelerometer  it  is  intended  to  study 
the  effects  of  surface  variation  on  the  rear  wheel  of  a 
truck  traveling  at  ratesi  of  5, 10  and  15  mi.  per  hour  with 
no  load  and  with  2^/^  and  5-ton  loads.  It  will  also  be 
very  interesting  to  determine  the  increase  in  wheel  im- 
pact accompanying  the  increase  of  corrugations  in  the 
non-rigid  types  of  pavement. 

BeaJing  FoWer  of  Soil  Determinator 

To  measure  and  compare  the  bearing  values  of  the 
various  types  of  subgrade  soils  the  Bureau  of  Public 
Roads  has  designed  and  built  an  apparatus  which  has 
promise  of  good  results.  It  is  simple  in  design,  light, 
easily  built,  and  is  capable  of  measuring  the  bearing 
value  of  almost  any  soil  containing  an  appreciable 
amount  of  moisture.  It  may  be  operated  by  one  man 
with  two  helpers  and  offers  a  suitable  means  of  secur- 
ing valuable  information  as  to  the  load-carrying  capa- 
city of  subgrade  soils  before  pavements  are  laid. 

The  apparatus  has  only  four  separate  parts,  tripod, 
shot  container  with  bearing  foot,  shot  funnel,  and 
Ames  dial.  The  load  is  applied  by  pouring  measured 
quantities  of  fine  shot  into  the  funnel  at  regular  inter- 
vals, while  the  penetration  of  the  foot  into  the  subgrade 
is  indicated  by  the  Ames  dial  mounted  above  the  tri- 
pod head.  To  operate  the  apparatus,  the  tripod  is  set 
firmly  in  the  ground  and  the  shot  container  with  foot 
is  brought  to  a  truly  perpendicular  position  as  deter- 
mined by  the  small  level  just  above  the  shot  container. 
By  a  slight  movement  of  the  bearing  foot  the  direction 
of  the  load  to  be  applied  is  made  perpendicular  to  the 
subgrade.  The  shot  funnel  is  next  placed  in  proper 
position  at  the  top  of  the  tube  and  the  Ames  dial 
clamped  to  the  tube  with  the  dial  foot  resting  on  the 
top  of  the  tripod  head  and,  when  the  dial  is  adjusted 
to  read  zero,  all  is  ready  for  the  test. 


The  Decrease  in  Wages  for  Common  Labor  has  made 

it  unprofitable  for  the  State  of  Nebraska  to  use  convicts 
on  highway  construction. 
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Calendar  of  Coming  Meetings 

June  12-15 — Canadian  Good  Eoads  Association — 
Ninth  aonual  convention,  Victoria,  B.  C.  Secretary- 
treasurer,  George  A.  McNamee,  Birks  Bldg.,  Montreal, 
Canada. 

June  19-20 — American  Construction  Council — Organ- 
izing meeting,  Washington,  D.  C,  R.  C.  Marshall,  Jr. 
1053  Munsey  Building,  Washington,  D.  C. 

June  26-July  1— American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineeis'  Club  Bldg.,  Phila- 
delphia, Pa. 

Aug.  9-10— Ouster  Battlefield  Highway  Association 
—Annual  meeting,  Sheridan,  Wyo.  Secretary,  W.  D. 
Rsher,  Sheridan,  Wyo. 


CONFER  ON  TRAFFIC  SIGNAL  COLORS 
Recommendationfl  to  the  American  Engineering  Stand- 
ards Committee  in  regard  to  the  .standardization  of 
colors  for  traffic  signals  were  made  at  a  conference  held 
at  the  Engineering  Societies  Building  in  New  York  City, 
May  23.  The  eonference  was  called  at  the  request  of  the 
Illuminating  Engineering  Society  and  the  International 
Traffic  Officer's  Asaoeiation  and  invitations  were  sent 
to  aU  interested  organizations,  it  was  attended  by  the 
representatives  of  34  organizations,  including  automo- 
bile, highway,  railway,  traffic,  and  engineering  associa- 
tions; 8  representatives  of  city  and  state  governments; 
and  the  representatives  of  14  manufacturers  of  traffic 
signals.  Written  communications  were  received  from 
several  delegates  who  were  unable  to  be  present.  The 
Canadian  Engineering  Standards  Associa'tion  Repre- 
sented Canadian  interests. 

The  meeting  was  called  to  order  by  Mr.  A.  W.  Whit- 
ney, Chairman  of  the  Engineering  Standards  Com- 
mittee who  outlined  the  relation  of  the  conmiittee  to  the 
conference.  Dr.  C.  H.  Sharp,  on  behalf  of  the  Illumin- 
ating Engineering  Society,  presented  a  statement  out- 
lining the  considerations  which  lead  the  society  to  re- 
quest the  calling  of  the  conference.  Dr.  John  H.  Harriss, 
the  inventor  of  the  traffic  signal  system  on  Fifth  Ave., 
New  York  City,  spoke  and  offered  the  full  cooperation 
of  the  New  York  City  Police  Department  to  the  end  of 
national  uniformity  in  colors  for  traffic  signals  Mr.  A. 
H.  Rudd  of  the  American  Railway  Association  presented 
a  paper  which  summarizes  the  situation  as  affecting 
•team  railroads  and  suggested  lines  along  which  that 


association  would  like  to  see  standardization.  A  paper 
by  Mr.  H.  B.  Flowers  on  behalf  of  the  American  Electric 
Railway  Association  was  read  by  Mr.  Guy  C.  Hecker. 
Speaking  for  the  Conference  of  Motor  Vehicle  Admin- 
istrators, Mr.  A.  L.  MelMurty  said  that  the  admin- 
istrators, felt  that  they  should  not  make  any  technical 
recommendations  to  the  conference  but  that  they  were 
greatly  interested  and  would  cooperate  to  the  fullest  ex- 
tent. The  hope  that,  as  a  result  of  the  conference,  the 
Canadian  Engineering  Standards  Committee  might  in- 
itiate similar  deliberations  and  work  along  lines  parallel 
to  the  American  committee,  was  expressed  by  Mr.  R.  J. 
Durley,  secretary  of  that  body. 

After  lengthy  and  detailed  discussion,  a  resolution 
was  passed  that  there  should  be  national  uniformity  in 
the  use  of  colors  for  signals  and  the  scope  of  the  work 
was  defined  as  follows : 

The  use  of  colored  lights  an  all  highway  vehicles. 
Their  use  on  all  signals  along  highways  and  at  curbs, 
both  permanent  and  temporary. 
Their  use  for  highway  crossing  signals  for  steam 
and  electric  railways. 

A  coordinated  relation  to  systems  of  flashing,  mov- 
ing, or  similar  lights. 

A  coordinated  relation  to  systmes  of  flashing,  mov- 
ing.or  similar;  lights. 

Colors  for  non-luminous  as  distinguished  from  lum- 
inous signals. 

Recommendations  on  the  use  of  colors  for  emergency 
exit  signals. 

Methods  of  specifying  or  defining  colors  for  signal 
purposes. 

Any  other  closely  related  matter  which,  in  the 
opinion  of  the  sectional  committee,  form  a  part  of 
the  subject  to  be  considered. 

It  was  unanimously  resolved  that  the  detailed  tech- 
nical work  should  be  carried  out  by  a  thoroughly 
representative  sectional  committee  under  the  aus- 
pices and  procedure  of  the  American  Engineering 
Standards  Committee,  and,  fiarther,  that  the  recom- 
mendations of  the  conference  be  transmitted  to  the 
committee  without  ^definite  'recommendations  on 
sponsorship. 


TO  HOLD  HEARING  ON  HIGHWAY 

MATERIALS  SPECIFICATIONS 

The  special  committee  appointed  by  the  Board  of 
Estimate  and  Apportionment  of  New  York  City  to  form- 
ulate standard  specifications  for  highway  materials  will 
hold  a  public  hearing  in  the  City  Hall,  Borough  of  Man- 
hattan, June  16, 1922,  at  10 :30  A.  M.  The  specifications, 
methods  of  tests,  and  methods  of  sampling,  which  the 
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committee  will  recommend,  will  be  nscd  in  connection 
with  the  purchases  of  highway  materials  by  the  city  and 
the  object  of  the  hearing  is  to  give  all  those  who  may  be 
interested,  contractors,  trade  associations,  and  others,  an 
opportunity  for  an  expression  of  opinion  on  this  matter. 


ROAD  MAKERS  CONFER  WITH 

MOTOR  MANUFACTURERS 

Representatives  of  the  American  Association  of  State 
Highway  Officials,  the  National  Automobile  Chamber  of 
Commerce,  and  the  Bureau  of  Public  Roads  met  in 
Washington  at  the  federal  bureau,  May  24,  to  discuss  im- 
portant matters  relating  to  highways  ano  Highway  trans- 
port. The  meeting  was  the  first  of  a  series  which,  it  is 
expected,  will  eventually  lead  to  conclusions  that  will 
have  an  important  bearing  on  legislation  relative  to  these 
subjects.  The  conference  decided  to  select  those  subjects 
which  are  of  immediate  importance  in  the  highway  trans- 
port field;  such  as  broad  questions  of  highway  finance, 
regulation,  and  operation ;  to  report  back  to  its  members 
and  later  to  gather  for  further  detailed  discussions.  No 
definite  time  was  set  for  the  next  meeting  but  sentiment 
of  those  present  favored  a  two-day  session  within  the 
next  month  or  two. 


NEW  AUTOMOBILE  ASSOCIATION  FORMED 

The  National  Automobile  Association,  a  nation-wide 
organization  of  automobile  clubs  and  associations,  was 
launched  in  St.  Louis,  Mo.,  May  19  auu  20,  following 
the  withdrawal  from  the  convention  of  The  American 
Automobile  Association  of  clubs  and  kssociations  repre- 
senting twelve  states  and  243,000  individual  members. 
The  states  represented  in  the  new  m6vement  are  Ohio, 
Indiana,  Illinois,  Kentucky,  New  York,  Minnesota, 
Texas,  Nebraska,  Missouri,  Iowa,  Dakota  and  Wisconsin. 
The  withdrawal  followed  the  failure  of  the  chair  to  ex- 
clude from  voting  in  the  convention  the  delegates  of  the 
Chicago  Motor  Club  on  the  protest  of  several  represent- 
atives from  different  states.  The  protest  was  based  on  the 
fact  that  the  Chicago  Motor  Club  was  not  affiliated  \vith 
the  Illinois  State  Automobile  Association  and  that  its  ad- 
mission was  illegal  under  the  by-laws  which  provide  that, 
where  a  state  association  already  affiliated  with  the  A.  A. 
A.  holds  the  franchise  for  the  state,  only  clubs  may  be 
admitted  whicli  come  in  through  the  state  organization. 

A  national  conference  will  be  held  at  the  Congress 
Hotel  in  Chicago,  June  19,  for  the  purpose  of  perfect- 
ing the  organization  of  the  new  National  Automobile 
\  ssociation.  

INVITATION  TO  FIRST  MEETING 

OP  CONSTRUCTION  COUNCIL 

Lacking  facilities  at  present  for  direct  communication 
th  the  thousands  of  important  men  in  the  eonstrue- 
lon  indu.stry,  the  temporary  directing  committee  of  the 
American  Construction  Council  begs  leave  through  the 
columns  of  the  engineering,  architectural  and  construc- 
tion press  to  extend  a  personal  invitation  to  each  mem- 


I 

■   tio 


bcr  of  the  industry  to  attend  the  organizing  meeting  in 
Washington,  D.  C,  June  19  and  20. 

The  step  contemplated,  that  of  bringing  together  for 
cooperation  in  behalf  of  the  industry  and  of  the  public 
all  the  elements  of  construction  aqtivity — engineers, 
architects,  labor,  the  contractors,  the  manufacturers  and 
dealers,  and  the  financial  interests — is  epochal  in  Amer- 
ican industry.  It  deserves,  and  promises  to  have,  the 
full  support  of  the  entire  industry.  A  full  representa- 
tion at  the  organizing  meeting  will  be  the  best  testimony 
to  the  country  of  the  solidarity  of  construction  interests 
in  the  new  movement. 

Full  details  of  the  plan  are  set  forth  in  a  comprehen- 
sive pamphlet,  procurable  from  the  temporary  office, 
1053  Munsey  Building,  Washington,  D.  C.  The  meeting 
will  be  held  in  the  Washington  Hotel.  Mr.  Hoover  will 
preside. 


WOULD  REGULATE  SIZE,  WEIGHT 

AND  SPEED  OF  MOTOR  TRUCKS 

At  the  convention  of  the  National  Highway  Traffic 
Association  held  on  May  12  in  New  York  City,  the  re- 
port of  the  national  Committee  on  "Regulations  Cover- 
ing Speeds,  Weights,  and  Dimensions  of  Motor  Trucks" 
was  given  by  George  H.  Pi-ide,  Chairman;  as  follows: 
The  committee  unanimously  decided  upon  the  follow- 
ing extreme  dimensions  for  motor  trucks :  width,  96  in. ; 
height  12  ft.  6  in. ;  length  30  ft. ;  the  maximum  axle 
loading  to  be  22,000  lb.,  and  for  solid  tires  800  lb.  per  sq. 
in.  of  tire  width  measured  at  the  base  of  the  rubber. 

There  still  exists  a  diversity  of  opinion  among  the  mem- 
bers of  the  committee  as  to  the  maximum  permissible 
weight  per  vehicle,  the  highway  engineering  members  re- 
fusing to  approve  the  28,000  lb.  maximum  which  was  the 
concensus  of  opinion  of  the  balance  of  the  committee. 
At  the  last  annual  convention  of  the  association  in 
April,  1921,  this  question  was  referred  to  the  members 
there  assembled,  and  the  convention  by  a  large  majority 
;pproved  the  28,000  lb.  limit,  the  highway  engineering 
members  still  votely  adversely. 

The  following  speeds  were  adopted: 
Gross  Weight  Country  City 

4,000  lbs.  25  mi.  per  hour  20  mi.  per  hour 

8,000  lbs.  20  mi.  per  hour  20  mi.  per  hour 

12,000  lbs.  20  mi.  per  hour  15  mi.  per  hour 

16,000  lbs.  15  mi.  per  hour  15  mi.  per  hour 

20,000  lbs.  15  mi.  per  hour  15  mi.  per  hour 

24,000  lbs.  15  mi.  per  hour  15  mi.  per  hour 

28,000  lbs.  15  ml.  per  hour  15  mi.  per  hour 

We  still  consider  that  there  is  insufficient  data  avail- 
able on  the  use  of  pneumatic  track  tires  to  enable  us  to 
make  any  definite  recommendations  concerning  them 
further  than  to  say  that,  the  use  of  pneumatics  seems 
to  reduce  the  force  of  impact  on  the  road  surfaces  to  a 
certain  degree,  and  also  that,  experiments  seem  to  indi- 
cate that  they  cause  fully  as  much  wear  on  hard  sur- 
faced roads  as  do  the  solid  tires,  and  even  more  wear  on 
gravel  and  certain  foi-ms  of  macadam. 

The  only  trailers  that  should  be  permitted  to  operate 
through  congested  regions,  would  be  so  constructed  that 


320 


GOOD    ROADS 


June  7,  1922 


they  would  have  no  tendency  to  weave  from  side  to 
side. 

Laws  concerning  the  number  of  trailers  which  would 
be  permitted  behind  one  tractor,  should  be  sufficiently 
elastic  to  limit  the  number  to  one,  where  traffic  conges- 
tion is  great,  and  to  permit  more  than  one  where  such 
congestion  does  not  exist. 


at  the  same  time  being  accessible  to  the  carriers  with- 
out the  need  of  their  leaving  their  conveyances. 

Although  not  a  requirement,  it  is  the  opinion  of  the 
department  that  it  would  be  of  advantage  if  persons 
liaving  boxes  on  improved  roads  and  on  those  over  which 
there  is  heavy  traffic  would  paint  the  post  white,  because 
it  would  add  to  their  visibility  at  night  and  tend  to 
reduce  accidents. 


WIDE  DISCRETION  URGED  IN 

REGULATING  ROAD  TRAFFIC 

Regulation  of  the  character  and  weight  of  highway 
traffic  to  prevent  undue  injury  to  the  highway  is  an 
administrative  matter  and  can  not  be  properly  taken 
care  of  by  detailed  and  arbitrary  legislation.  This  is  the 
conclusion  of  the  Bureau  of  U.  S.  Public  Roads,  based  on 
experiments  to  determine  the  effect  of  all  kinds  of  traffic 
on  road  surfaces  and  observations  on  conditions  through- 
out the  United  States. 

Even  in  a  single  State  conditions  varj'  to  such  an  ex- 
tent that  a  load  which  may  be  carried  on  one  road  with- 
out injurj'  may  cause  untold  damage  to  another.  Under 
the  average  regulatory  law  thus  far  made  effective,  the 
greatest  service  has  not  been  secured  from  the  best 
roads,  nor  the  safety  of  the  lesser  capacity  roadways  as- 
sured. The  influence  of  subgrade  soils,  tire  equipment, 
distribution  of  load  to  the  wheels,  speed  and  many 
other  variable-s  is  too  complex  to  be  written  into  law. 

The  seasonal  variation  alone  in  the  carrying  capacity 
of  the  roadbeds,  due  to  moisture  conditions,  is  one  of  the 
most  serious  of  aU  the  causes  of  road  damage.  Highway 
authorities  therefore  must  be  given  wide  discretion  in 
traffic  regulation.  The  bureau  urges  that  as  a  solution 
of  the  problem  the  state  hia;h\vay  officials  of  each  state 
be  given  broad  powers,  so  that  traffic  can  be  regulated  to 
suit  conditions  as  they  exist  at  any  particular  time. 


LOCATION  OP  RURAL  MAIL  BOXES 
Location   of    rural    mail    boxes   along   the   improved 
hard  surfaced  roads  is  the  subject  of  a  statement  by  the 
Fourth  Assistant  Postma-ster  General,  as  follows: 

It  has  been  brought  to  the  attention  of  the  depart- 
ment that  it  is  the  practice  of  some  postmasters  and  rural 
carriers  to  insist  that  the  boxes  of  rural  patrons  shall  be 
evected  near  the  edge  of  the  crown  of  hard  surfaced 
roada.  It  is  the  experience  that  boxes  so  located  are  an 
obstruction  and  dangerous  to  traffic  and  seriously  inter- 
fere with  the  operation  of  the  machines  used  in  the 
maintenance  of  roads  of  this  character. 

It  is  deemed  essential  that  there  be  cooperation  be- 
tween the  representatives  of  this  department  and  the 
authorities  charged  with  the  upkeep  of  vne  roads,  and 
it  is  directed  that  postmasters  shall,  when  requested  by 
the  state  highway  engineers  or  other  competent  author- 
ities, require  rural  patrons  to  erect  their  boxes  on  the 
oater  edge  of  the  shoulder  line  of  hard  surfaced  roads, 
and  in  such  position  at  the  edge  of  other  roads,  that  they 
shall  not  be  an  obstruction  or  a  menace  to  traffic,  while 


11,017  MILES  OF  ROADS  BUILT 

BY  FEDERAL  AID  SINCE  1916 

The  U.  S.  Bureau  of  Public  Roads  reports  that  on 
March  31  there  had  been  completed  since  1916,  11,017 
mi.  of  federal-aid  road  and  gives  the  mileage  of  each 
type  and  the  average  cost  per  mile.  The  figures  are  based 
on  a  large  volume  of  work  and  are  the  most  recent  and 
reliable  figures  giving  avei'age  costs  for  the  whole  of 
the  United  States.  The  figures  cover  the  entire  cost  of 
construction  excluding  large  bridges  and  in  a  few  cases 
the  cost  of  engineering  is  not  included. 

Cost  Miles 

Type  Per  Mile        Constructed 

Graded  and  drained $9,200  1,752 

Sand-clay  9,850  1,338 

Gravel 9,230  4,389 

Wateer-bound  macadam 14,000  294 

Bituminous  macadam 25,720  382 

Bituminous  concrete 43,500  511 

Concrete 36,600  2,104 

Brick 46,875  224 

These  figures  are  based  on  the  entire  period  of  opera- 
tion of  federal  aid,  but  the  major  portion  of  the  work 
has  been  done  since  1918. 


The  Greater  Sheridan  Road  Association  was  recently 
formed  in  Milwaukee  for  the  promotion  of  the  650-mi. 
Sherdian  Road  from  St.  Louis,  Mo.,  to  Houghton,  Mich. 

PERSONAL  MENTION 

John  D.  Williams,  Chief  Clerk  of  the  Indiana  State 
Highway  Department,  has  been  appointed  director  of 
the  highway  department  to  succeed  Lawrence  Lyons, 
resigned. 

H.  L.  Albert  of  Green  Bay,  Wis.,  has  been  appointed 
city  engineer  of  Seymour,  Wis. 

L.  V.  Campbell,  formerly  an  office  engineer  in  the 
headquarters  office  of  the  Montana  State  Highway  De- 
partment, has  resigned  to  accept  a  position  in  the  head- 
quarters office  of  the  California  State  Highway  Depart- 
ment. 

Carl  E.  Haydon  of  Sherman,  Tex.,  has  been  appoint- 
ed city  engineer  of  McKinney,  Tex. 

Roy  A.  Murray,  Promotion  Secretary  of  the  Y.  M.  C. 
A.  at  San  Francisco,  has  been  appointed  secretary  of  the 
California  Highway  Commission  to  succeed  John  P. 
Galvin,  of  Richmond,  who  resigned  to  become  a  member 
of  the  State  Civil  Service  Commission. 

F.  J.  Nettleton  has  been  appointed  county  engineer  of 
Sheridan  County,  Kansas,  to  succeed  A.  J.  Mowry,  re- 
signed. A 
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Concrete  Roads 
must  be  Reinforced 

It  is  demonstrated  beyond  doubt  that  to 
make  concrete  roads  proof  against  heavy  motor 
traffic,  weather  and  time  a  fabric  of  steel 
must  be  incorporated  in  the  concrete. 

Several  great  States  have  so  ruled. 

American 
Steel  and  Wire  Company's 

Concrete 
Reinforcement 

Fulfills   Every   Engineering    Requirement 

Send  for  our  book  on  road  building 

CHICAGO  NEW   YORK  CLEVELAND 

PITTSBURGH  DENVER 


PERFECT  APPLICATION 

HEATER  ami  DISTRIBUTOR 

will  heat  and  apply  all  varieties  of  bitumiBOUs  products 

now    in    use    for    road    construction    and    maintenance. 

GET   OUR   CATALOG 

KINNEY  MANUFACTURING  CO. 

BOSTON,     MASS. 

New  York  Houston  Chicago  San  Francisco 

Kansas  City  Philadelphia 


When  Writing  Advertisers  Pleas?  Mention  GOOD  ROABS 


GOOD    ROADS 


June  14,  1922 


Uarrater  Rnad,  Si.  Chari/s,  Mo. 
"  Tarvia-X,"  1920 


Typical  Spring 

condition  of 

sojl-surjaced  road. 


Canhdgc-.l nlwcr p  Road,  A  .  )  , 
Another  Tarsia  Highway 


Glajtonimry-Hartford  Road, 
Glastonbury,  Conn.  "Tarvia-X,"  1915 


Tarvia  transforms  old 
into  all-year  mudless, 

Pkesiuent  Harding  recently  declared  that  the 
problem  of  distribution  "is  one  of  the  greatest  eco- 
nomic problems,  if  not  the  greatest  problem,  of 
modern  civilization." 

When  we  realize  that  it  costs  from  four  to  ten 
times  as  much  to  haul  a  ton  of  goods  over  bad 
roads  as  it  does  over  good  roads,  we  see  at  once 
how  vital  this  road  problem  is  to  all  of  us. 

The  question  no  longer  should  be,  "Shall  we 
have  good  roads?"  It  should  be,  instead,  "How 
quickly  and  how  cheaply  can  we  get  good  roads?" 

The  Road  Commissioners  of  hundreds  of  towns 
and  rural  districts  throughout  the  country  have 
found  from  experience  that  Tarvia  pavements  are 
the  most  economical  good  roads  it  is  possible  to 
build. 


1     State  Road  at  Kittery,  Me. 
"Tarvia-X,"  1912 


fashioned  mud  roads 
dustless  highways — 

In  first  co;t  a  Tarvia  road  is  only  slightly  more 
than  plain  waterbound  macadam.  The  upkeep  of 
Tarvia  pavement  is,  all  things  considered,  so  much 
■less  than  that  of  any  other  type  of  lasting  road 
that  the  saving — over  a  short  period  of  years — 
will  offset  the  original   cost  of  construction. 

Properly  looked  after,  there  is  no  limit  to  the 
life  of  a  Tarvia  road.  With  regular,  but  incxpen- 
five  maintenance,  it  is  actually  improved  by  time 
and  traffic.  Its  easy-traction  surface  is  smooth, 
firm,  dustless  and  mudless  all  the  year  round — 
year  after  year. 

Tarvia  also  offers  an  economical  means  of  re- 
surfacing old  worn-out  macadam,  and  of  repairing 
and  maintaining  improved  streets  and  highways 
of  every  kind.  There  is  a  grade  of  Tarvia  for 
each    of   these    purposes. 


For  Road  Construct/on 
Rppair  and  Maintenance 


Special  Service  Department 

This  company  has  a  corp  of  trained  engi- 
neers and  chemists  who  have  given  years 
of  study  to  modern  road  problems.  The 
advice  of  these  men  may  be  had  for  the 
asking  by  anyone  interested.  If  you  will 
write  to  the  nearest  office  regarding  road 
problems  and  conditions  in  your  vicinity, 
the  matter  will  be  given  prompt  attention. 
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A  Trip  Over  the  Storm  King  Highway 

History,   Present  Status  and  Details  of  Design  of  Highway  Which  Will   Open 
Up   the    Highlands   of   the    Hudson  to  the    Motor  Tourist 


About  one  hour  and  a 
half  from  New  Yoi'k  on 
the  West  Shore  Railroad, 
Coi'nwall,  N.  Y.,  nestles 
down  beneath  the  north 
side  of  Storm  King 
Mountain  and  it  is  there 
that  the  famous  Storm 
King  Highway  begins. 
The  visitor  catches  his 
iirst  glimpse  of  the  road 
from  the  car  window 
soon  after  the  train 
emerges  from  the  tunnel 
at  West  Point.  By  going 
out  on  the  rear  platform, 
we  can  follow  ihe  line  of 
the  road  along  the  moun- 
tainside until  tlie  train 
rounds  the  nose  of  Storm 
King  and  the  road  far 
above  is  hidden  by  tiie  overhanging  cliffs.  The  train 
comes  to  a  jolting  stop  at  the  Cornwall  station  and 
wc  traasfer  to  a  waiting  Ford.  Up  the  hill  away 
fi'oni  the  river  s-peeds  our  car  and  at  the  top  of  the 
hill  about  one  quarter  of  a  mile  from  the  station,  we 
turn  sharply  to  the  right.  We  are  now  going  south 
on  Bayview  Ave.,  Cornwall-on-Hudson.  Perhaps  an- 
other quarter  "of  a  mile,  and  we  come  tc  the  zero 
station  of  the  Storm  King  Highway.  This  point  is 
directly  at  the  foot  of  the  mountain  and  from  it  the 
load  runs  soutli  and  a  little  east  along  the  side  of 
the  .slope,  gradually  drawing  nearer  to  the  river. 
There  is  a  little  white  house  here,  whieb  is  being  re- 
modeled into  a  tea  room  for  the  tourists  of  the  fu- 
ture, and  we  are  told  that  it  is  so  close  to  the  side 
of  the  mountain  that  the  sun  n(n'er  shines  on  it  from 
October  to  May. 

There  is  a   gate   acro.ss  the   road   but   it   is  open   to 


The  history  of  the  Stonii  Kiiijj  Highway  dates 
back  to  a  time  sliortly  after  the  Civil  War  when  a 
business  man  of  Cornwall  entertained  tlie  idea  of 
building  sucli  a  highway  witli  private  funds  for  a 
toll  i-oad.  Tlie  need  for  it  at  that  time  was  i-enioved 
by  the  coming  of  tlie  West  Shore  Railroad  and  noth- 
ing more  was  heawl  of  tlie  proposition  until  the  New 
York  State  Highway  Department  made  it  part  of 
their  road  building  program.  Various  surveys  and 
plans  were  made  and  a  few  yai'«ls  of  earth  were 
e.vcavated  in  1907  on  a  contract  which  was  subse- 
quently cancelled.  Work  on  the  present  contract 
was  begun  in  1915  and  August  15  of  tliis  year  has 
now  been  set  as  a  tentative  date  for  the  completion 
of  the  new  highway. 

The  highway  is  situated  on  the  west  bank  of  the 
Hudson  Kiver  about  4.5  mi.  from  New  York  City 
and  is  4.03  mi.  in  length.  It  begins  at  the  end  of 
Hayview  Ave.  in  the  village  of  Cornwall-on-Hudson 
and  runs  south  arouinl  the  nose  of  Storm  King  and 
Crow's  Nest  Mountains  to  join  a  state  road  ali-eady 
built  at  a  point  about  one  mile  north  of  the  Plains 
at  West  Point.  It  will  cut  approximately  20  mi. 
from  the  distance  now  necessary  to  cover  to  go  from 
Cornwall  to  West  Point  by  automobile.  A  further 
purpose  was  to  iirovide  a  scenic  route  for  motor 
tourists   through   the   Higlilands. 

The  cost  of  this  work  will  run  close  to  $1,000,000. 


the  battered  flivver  of 
Theodore  Fenner,  State 
Highway  Engineer  in 
charge,  in  which  we  are 
riding.  Almost  at  once, 
our  attention  is  drawn  to 
the  rustic  guard  rail  and 
we  stop  to  inspect  it. 

This  railing  is  con- 
structed of  chestnut  logs 
which  were  cut  on  the 
mountain.  The  bark  is 
scraped  off  both  rails  and 
posts  before  they  are  put 
in  place.  The  posts  and 
top  rails  are  8  in.  in  di- 
ameter and  the  lower 
rails  are  6  in.  in  diame- 
ter. The  posts  are  spaced 
at  intervals  of  8  ft.,  the 
rails  are  16  ft.  long,  and 
the  splices  on  the  top  and  bottom  rails  occur  on  alter- 
nate posts.  The  lower  rails  are  bolted  to  the  front 
of  the  posts.  The  top  rails  are  set  on  top  of  the  posts, 
spiked,  aijd  further  held  in  place  by  iron  straps,  % 
by  2  by  40  in.,  which  are  spiked  to  the  front  of  the 
post,  run  up  and  over  the  rail,  and  are  spiked  again 
on  the  back  of  the  post.  The  portion  of  the  posts 
which  is  below  ground  is  cliarred  before  they  are 
placed.  This  guard  rail  is  approximately  4  ft.  high 
and  is  to  be  treated  with  crude  oil  which  will  act  as 
a  preservative  without  destroying  the  rustic  effect. 

We  climb  back  into  the  ear  and  are  once  more  on 
our  way.  The  road  on  which  we  are  riding  is  foun- 
dation course  which  was  placed  in  1921.  This  course 
is  5  in.  of  No.  4  broken  stone  (to  pass  a  3^  in. 
screen)  rolled  and  filled  with  screenings.  Subjected 
to  the  snows  of  winter  and  the  rains  of  spring,  it  is 
now  a  very  good  waterbound  macadam  road. 
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About  1.500  ft.  from  the  beginning  of  the  road,  the 
foundation  eourse  eiuls  and  we  bump  off  onto  the 
n  ugli  grade.  At  this  point,  there  stand.s  a  erusliing 
plant,  now  idle,  and  tlie  K)comotive  crane  witli  40-ft. 
l>oom  which  Iiandh'd  all  tlie  roek  excavated  on  the 
north  side  of  the  mountain.  At  Sta.  19+33,  the  re- 
taining wall  begins  and  likewise  the  parapet  wall. 

The  retaining  wall  is  dry  rubble  ma.sonry  and. 
standing  at  the  end,  we  can  see  it  well  out  lo  the  nose 
of  the  mountain  and  note  that  it  gradually  becomes 
higher  aiul  higher.  We  are  told,  where  it  was  deemed 
advisable  on  account  of  the  height,  this  wall  was  laid 
on  a  ma.sonry  foundation.  The  parapet  wall  is  a 
nia.sonry  wall  3  ft.  high  and  2  ft.  thick  and  is  topped 
with  a  dutch  coping,  rough  pointed  stones  set  on  end, 
which  adds  another  foot  to  its  height.  Mr.  Fenner 
tills  us  that  this  coping  was  designed  to  pievent  peo- 
ple .sitting  or  walking  on  top  of  the  wall.  The  para- 
pet is  pointetl  on  the  inside  and  contains  tile  drain 
sweepers  every  10  ft.  for  drainage. 

Once  more  back  in  the  Ford,  we  roll  along  over  the 
rough  sub-grade,  climbing  about  a  five  per  cent  grade, 
and  do  not  stop  again  until  we  reach  the  summit  of 
the  grade.  We  are  now  standing  on  the  point  of  the 
mountain  at  an  elevation  of  386  ft.  and  almo.st  directiy 
over  the  railroad  tracks  which  skirt  the  bank  of  the 
river.  As  the  Hudson  is  approximately  .sea  level,  we 
can  say  that  we  are  38G  ft.  aijove  the  water.  The  road 
curves  to  the  west  and  follows  the  precipitous  sides  of 
the  mountain  away  from  the  river. 

This  point  is  an  almo.st  perfect  spot  from  which  to 
view  the  most  beautiful  section  of  one  of  the  most 
beautiful  rivers  in  the  world.  Directly  opposite  us 
across  the  river  and  dropping  down  to  the  shore  as 
abruptly  as  does  Storm  King,  is  Breakneck  Mountain. 
To  the  north  the  river  widens  into  Cornwall  Bay  and 
close  to  the  eastern  shore  is  the  picturesque  Banner- 
man's  Island  Arsenal.  Further  north,  about  five  miles 
we  are  told,  ri.se  the  many  church  .spires  of  the  city 
of  Newburgh  on  the  west  .shore.  On  the  east  shore  is 
Mount  Beacon  with  its  incline  railway  leading  to  a 
cluster  of  white  buildings  on  the  summit  and,  between 
the  mountain  and  the  river  the  city  of  the  same  name. 
Away  to  the  north  the  foothills  of  the  Catskills  may 
l»e  seen  and  a  break  in  the  range  which  forms  the  hori- 
zon to  the  northea.st  is  pointed  out  to  us  as  Lake 
Mohonk. 

Turning  about  to  the  south,  our  eye  follows  the  line 
of  the  road  along  Orow's  Nest  and  South  Crow's  Ne.st 
until,  at  a  point  about  three  miles  distant,  the  road  dis- 
appears around  the  mountain  to  the  west,  the  river 
turns  abruptly  to  the  east,  and  directly  in  our  line;  of 
vision  we  .see  the  plains  and  the  grey  lowers  of  West 
Point. 

Mr.  Fenner,  to  whom  the  view  has  become  a  thing 
of  no  great  moment,  calls  us  away  from  it  to  note  the 
height  of  the  cut.  The  top  of  the  slope?  is,  in  some  cases, 
75  to  100  ft.,  measured  on  the  slope,  from  the  roadway. 
Tin-  II.  yt  1  r,fK»  ft.  is  the  most  interesting  of  the  whole 


project  and  we  choose  to  walk.  We  are  headed  east 
now  and  a  little  south  into  what  is  known  as  the  "Big 
tiuUy,"  the  valley  between  Storm  King  and  Crow's 
Nest.  Here  we  find  the  heaviest  cut,  the  steepest  slope;; 
and  the  highest  retaining  wall  and  it  is  here  tliat  the 
work  was  tlie  most  dangerous.  At  tiie  foot  of  the 
mountain  is  the  plant  of  the  Storm  King  Stone  Co. 
now  dismantled  and  buried  by  the  ma.ss  of  stone  blasted 
down  upon  it.  We  are  shown  the  point  where  the  re- 
taining wall  is  over  30  ft.  high  and  are  told  that  this 
section  is  nioi'tar  wall  on  a  12  on  1  slo])e  iii.'tead  of  dry 
wall  on  a  6  on  1  slope,  as  elsewhere.  At  this  point  there; 
is  a  peculiar  looking  curve  and  our  guide  explains  that 
the  road  had  to  be  moved  in  towards  tlie  mountain 
very  abruptly  becau.se  no  adequate  footing  for  the  re- 
taining wall  could  be  found  on  the  curve  as  originally 
planned  and  started. 


KETAINING    AND    PARAPET    WALLS,    PAVED    SHOUL- 
DERS AND   FOUNDATION   OOUftSE   ON   STORM    KING 

As  we  leave  the  side  of  the  mountain  and  turn  to 
the  (South,  the  Ford  once  more  takes  up  its  burden. 
The  way  leads  through  earth  and  boulders  and  out 
upon  the  fill  over  the  gully  which  gives  the  whole  valley 
its  name.  This  gully  mu.st  be  50  oi-  (JO  ft.  deej) 
and  perhaps  200  ft.  wide.  On  the  far  side  of  the 
gully  is  an  immense  borrow  pit  from  whieli  tliousands 
of  yards  of  earth  wej-e  taken  to  make  the  (ill.  It  is  np 
to  grade  now  and  wide  enougli  for  us  to  drive  over 
but  .still  a  little  shy  of  the  re(|uired  width  of  roadway. 
More  hori'ow  excavation  mu.st  be  made  Iktc. 

The  stream  which  flows  down  the  gully  is  cni'ried 
ui'der  the  fill  by  a  10x12  culvert.  This  culvert  has 
masonry  side  walls  with  concrete  slab  and  we  are  told 
that  all  the  culverts  on  the  .job  are  so  constructed. 

A  short  distance  beyond  the  gully,  we  run  into  a 
mud  hole  and  Mr.  Fenner  explains  that  sub-base  is  to 
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be  laid  before  the  maeadam  can  be  placed.  From  the 
mud  liole,  we  eoiue  to  more  foundation  course  similar 
to  that  at  the  beginning  of  the  road  except  that  here 
it  is  6  in.  in  depth.  AVe  are  now  running  through  a 
hemlock  grove  and  giadually  approaching  the  river 
again.  As  we  turn  around  the  nose  of  the  mountain, 
we  come  once  more  into  rock  cut.  We  have  com- 
pleted the  swinging  curve  through  the  "big  gully" 
and  are  close  to  the  shore  as  we  turn  and  head  south. 
Here,  at  about  Sta.  90,  we  come  upon  a  gang  laying 
foundation  course  and  four  masons  laying  paving.  We 
stop  to  view  the  work  and  Mr.  McGovern,  inspector  of 
masonry  for  the  State  Highway  Dept.,  explains  the  pav- 
ing to  us. 

The  macadam  in  the  sections  in  rock  cut  on  the  two 
mountains  is  19  ft.  wide,  the  roadway  24  ft.  There  is 
2  ft.  of  paving  between  the  parapet  wall  and  the  maca- 


■KUSTIC    GUARD    RAILING    NEAR    WEST   POINT 

dam  and  2  ft.  of  paving  at  the  other  side  of  the  maca- 
dam. The  other  foot  on  the  inside  is  to  be  a  ditch. 
The  paving  is  6  in.  deep  and  is  made  of  rougli  local 
stone  hewn  to  the  required  hape  with  the  masons'  ham- 
mers and  laid  with  the  ilat  side  up  in  dry  mortar. 
After  it  is  in  place,  the  paving  is  grouted.  These  paved 
shoulders  slope  very  slightly  away  from  the  macadam 
so  that  the  watei-  will  run  off  and  the  paving  on  the 
wall  side  is  flush  with  the  weepers  in  the  paiapct  wall. 
This  paving  was  used  instead  of  concrete  shoulders  be- 
■  cause  of  the  quantity  of  local  stone  available. 

After  thanking  Mr.  McCJovern  for  his  explanation, 
we  are  once  more  on  our  way.  The  road  parallels  the 
river  for  2,000  ft.  and  then  swings  out  and  around  the 
point  of  Crow's  .Vest.  The  point  juts  out  into  the 
river  and  the  road  is  almost  directly  over  the  rail- 
road tracks,  the  cut  very  heavy,  and  the  retaining  wall 
high.     After  leaving  Crow's  Nest,  there  is  no  more 


rock  cut  in  any  amount.  The  road  winds  through  a 
field  of  immense  boulders  which  have  rolled  down  from 
the  mountain  top  through  years  past  and  Mr.  Hayes, 
the  contractor,  tells  us  that  the  excavation  of  these 
boulders  gave  him  more  trouble  than  the  excavation  of 
solid  rock. 

Mr.  Penner  points  out  the  line  where  West  Point 
govei-nment  reservation  begins  and  soon  after,  we  come 
to  an  abrupt  turn  where  the  ■  road  leaves  the  river 
and  runs  southwesterly  along  the  side  of  Target  Hill 
to  join  the  West  Point-Central  Valley  state  road.  The 
turn  is  about  3,000  ft.  from  the  end  of  the  road.  Here 
we  find  a  second  crushing  plant,  this  one  running  full 
'blast.  The  rock  is  being  quarried  out  of  the  side  of 
the  hill  a  short  distance  away  and  is  hauled  to  the 
crusher  in  dump  cars  by  a  compressed  air  hoist.  Motor 
trucks  carry  the  No.  4  stone  to  the  jwint  in  the  mid- 
dle of  the  road  where  foundation  course  is  being  placed 
and  the  smaller  sizes  to  the  end  of  the  road  where  they 
are  laying  top  course.  We  learn  that  the  foundation 
coui'se  on  the  3.000  ft.  between  the  end  of  the  I'oad 
and  the  crusher  was  laid  in  1921. 

As  we  leave  the  crusher  behind  us,  Mr.  Fenner  tells 
us  that  the  elevation  Jiere  is  higlier  than  on  Storm 
King  and  we  find  it  very  hard  to  believe.  To  anyone 
riding  over  the  highway,  this  deception  in  regard  to  the 
height  is  one  of  the  most  remarkable  features. 

We  soon  come  upon  the  gang  laying  top  course  and 
are  interested  in  the  pressure  apparatus  for  .spi-eading 
the  bituminous  material  which  they  have  mounted  on 
an  old  truck  and  also  in  the  gasoline  road  roller. 

Tlie  top  course  is  laid  according  to  the  genei-al  1914 
specifications  of  the  New  York  State  Highway  Depart- 
ment for  bituminous  macadam,  penetration  method. 
No.  3  broken  stone  (to  pass  a  21/4  in.  screen)  is  spread 
on  top  of  the  foundation  course  and  rolled.  The  hot 
bituminous  material  is  then  applied  under  pressure  to 
ihe  amount  of  1^4  gal.  pei'  sq.  yd.  No.  2  stone  (t(; 
pass  a  11/4  ill.  screen)  is  immediately  spread  on  and 
rolled  into  the  voids.  After  this  course  has  set,  the  seal 
coat  is  applied  to  the  amount  of  Yi  gal.  per  sq.  yd.,  cov- 
ered with  No.  1  stone  (to  pass  a  %  hi.  screen),  and 
rolled. 

As  we  leave  the  road  to  ride  to  the  station  at  West 
Point.  Mr.  Feimer  .sums  up  tlie  situation  for  ils.  There 
is  about  1.5  mi.  of  foundation  course  to  be  laid  this 
season  and  practically  the  whole  4  mi.  of  top  course. 
He  thinks  that  the  I'oad  will  be  completed  early  ill 
August. 


The  South  Dakota  State  Highway  Department  issues 
cards  which  give  detailed  information  in  regard  1') 
the  time  of  opening  bids.  Each  bid  is  .scheduled  to  be 
opened  at  a  cei-tain  time  during  the  day  and  the  con- 
tractor is  thei'cby  saved  from  wasting  an  entire  day 
waiting  for  tlie  bids  in  whicli  he  is  interested  to  bo 
reached. 
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Portland    Cement  Concrete    Roads 


By    .TAMES    AU^EXf 


The  selection  of  a  type  of  pavement  for  our  rural 
highways  is  a  comparatively  modern  problem.  Prior 
to  the  period  of  1905  to  1910,  there  were  but  few  rapid 
moving  vehicles  and  these  were  confined  largely  to  our 
city  streets.  The  automobile,  from  the  city  man's  play- 
thing, has  rapidly  developed  into  a  necessity.  The 
highwaj-s  with  gravel  or  macadam  surfaces  were  en- 
tirely adequate  for  the  horse  drawn  traffic  and  easily 
and  cheaply  maintained,  and  the  paved  streets  of  the 
cities  cared  for  both  classes  of  traffic  in  a  satisfactory 
maimer. 

As  the  automobiles  became  more  numerous  and  trav- 
eled farther,  with  fair  assurance  that  the  return  trip 
could  be  made  without  going  to  the  repair  shop,  their 
usefulness  increased  and  they  changed  from  an  experi- 
ment to  an  essential  part  of  the  world's  transportation 
system,  .supplementing  the  railways,  but  none  the  less 
important.  The  tremendous  increase  in  the  automo- 
bile with  its  destructive  forces  soon  forced  those  in 
charge  of  the  highways  to  .seek  for  the  highway  that 
would  be  smooth,  safe  and  economical.  The  business 
of  farm  and  city  grew  to  be  dependent  on  the  automo- 
bile and  the  highway,  and  the  city  dweller  and  the 
farmer  became  insistent  that  the  highways  be  paved. 

A  new  problem  confronted  the  engineers,  not  many 
of  whom  realized  that  the  conditions  were  much  differ- 
ent than  those  surrounding  the  paving  of  a  city  street. 
It  is  well  recognized  now,  however,  that  the  character 
of  traffic  changes  from  comparatively  slow  moving  ve- 
hicles evenly  distributed  over  the  width  of  a  city  street 
to  rapidly  moving  vehicles  concentrated  into  two  lines 
of  traffic  on  the  highway.  The  destructive  forces  set 
up  by  tliis  high  speed  traffic  have  been  studierl  and  we 
are  now  measuring  the  forces  that  destroyed  many  of 
the  earlier  highway  pavements;  forces  that  all  prac- 
tical engineers  recognize  and  prepare  for  in  their  de- 
signs. All  known  types  of  pavement  and  many  that 
were  unknown  have  been  tried  on  tlie  highways. 

Perhaps  the  first  made  of  concrete  wen.  built  hv 
the  Romans  who  used  a  natural  cement.  The  city  of 
Edinburgh,  Scotland,  built  a  concrete  pavement  in  the 
year  1872,  and  I  understand  that  it  continues  to  give 
good  service.  Concrete  was  first  used  on  this  conti- 
nent by  the  city  of  Bellefonlaine,  0'''f>.  for  n-^vinrj  the 
court  house  square  in  1892  and  1893,  and  the  pave- 
ment is  now  in  a  satisfactory  condition. 

The  year  1909  saw  the  first  development  of  the  Port- 
land cement  concrete  pavement  as  a  rural  highway. 


•Paper    presented    at    the    convention    of    the    Canadian 
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Its  use  lias  developed  until  today  it  is  almost  universal. 

The  United  States  Government  has  appropriated 
$350,000,000  to  aid  states  in  I'uval  liiK'nwav  develop- 
ment. The  report  of  the  U.  S.  Bureau  of  Public  Boads 
covering  the  period  from  1916  to  Xoveniber  1,  1921. 
.shows  that,  of  all  the  highways  paved,  4,654  mi.  or 
79.3  per  cent  were  paved  with  Portland  cement  con- 
crete. Those  states  having  the  greatest  population  and 
the  heaviest  traveled  highways  have  practically  all  se- 
lected one  course  concrete  pavements  as  theii'  standard. 
The  states  of  New  York,  Illinois,  Pennsylvania,  Ohio 
and  California  construct  several  hundred  miles  of  con- 
erete  pavement  each  year. 

The  first  highway  paved  with  concrete  in  the  State 
of  Washington  was  in  1912,  and  although  crude  in  de- 
sign and  eonstnietion  as  compared  mth  present  day 
standards,  it  is  still  in  use  and  giving  satisfaction. 
Since  then  the  counties  and  state  of  Washington  have 
con.structed  approximately  800  mi.  of  concrete  pave- 
ment. No  other  type  is  constructed  for  the  state,  for 
we  believe  that  a  Portland  cement  concrete  pavement 
properly  constructed  is  the  best  pavement.  This  posi- 
tion is  justified  by  the  first  cost  of  the  pavement,  the 
service  that  it  renders  and  the  cost  of  upkeep.  The 
first  cost  of  concrete  pavements  is  less  than  brick  and 
about  the  same  as  the  best  type  of  bituminous  pave- 
ments. We  believe  that  the  service  rendered  by  the 
smooth,  non-slippei'y  sui-faee  of  a  concrete  road  is  supo- 
I'ior  to  all  other  types  and  that  the  cost  of  upkeep  is 
far  less. 

In  order  that  a  paving  program  may  be  a  success,  a 
definite  highway  system,  designed  to  serve  the  major- 
ity of  the  people,  must  be  selected,  adhered  to  and 
built  up  by  a  continuing  program  covering  a  period 
of  years.  If  the  routes  are  not  well  selected,  they  must 
later  be  changed  and  the  money  spent  on  abandoned 
sections  will  serve  for  local  purposes  only.  The  people 
will  get  along  witli  the  longer  poorly  selected  highways 
for  a  few  years,  but  it  is  ony  a  matter  of  time  before 
a  demand  will  develop  for  the  most  direct  and  practi- 
cal route  from  the  point  of  view  of  the  motor  vehicle 
operator.  A  highway  must  be  safe,  and  it  must  serve 
the  majority  of  the  people  and  not  the  few  who  may 
reside  off  of  tlic  proper  alignment.  The  location  of  a 
highway  to  secure  the  best  route  that  the  ten-ain  af- 
ford.s,  the  most  economical  route,  cost  of  operation  and 
maintenance  considered,  is  just  as  important  as  is  the 
selection  of  a  route  for  a  railway,  and  it  deserves  the 
.same  thorough  study.  Unnecessary  distance  and  un- 
necessary grades  are  an  indirect  tax  on  the  people  by 
reason  of  the  increased  operating  costs.  It  is  also  es- 
sential that  the  grade  be  contructed  and  permitted  to 
settle  before  a  pavement  is  constructed  thereon. 
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Before  a  highway  is  paved  in  the  state  of  Washing- 
ton it  must  be  graded  and  allowed  to  settle  for  at 
least  two  years. 

A  pavement  is  a  slab  supported  by  the  earth  sub- 
grade  and  in  a  broad  way  the  four  things  to  be  con- 
sidered in  the  structural  design  of  the  pavement  slab 
are  (1)  the  supporting  power  of  the  subgrade,  (2)  the 
climatic  conditions,  (3)  the  traffic  that  the  pavement 
slab  must  carry  and  (4)  the  strength  of  the  pavement 
slab. 

A  good  subgrade  must  be  constant  in  volume,  homo- 
geneous in  character  and  have  a  supporting  power  on 
which  the  design  can  be  based.  Many  soils  undergo 
a  change  in  volume  with  the  addition  or  subtraction 
of  water,  thereby  changing  the  points  of  support  of 
the  pavement.  If  the  soil  increases  in  volume  near  the 
edge  of  the  pavement  only,  the  upward  thrust  will  in- 
troduce unusual  stresses  in  the  pavement.  Or  if  the 
soil,  by  reason  of  the  loss  of  moisture,  shrinks  near 
the  edge  of  the  pavement,  leaving  the  pavement  un- 
supported, the  wheels  of  traffic  will  break  down  this 
edge  until  it  is  supported  by  the  soil.  If  a  subgrade  is 
not  constant  in  volume,  the  design  must  provide  for 
the  change  in  the  position  of  the  support  afforded  the 
pavement.  By  a  homogeneous  subgrade,  I  mean  a  sub- 
grade  that  is  uniform  in  character.  Soft  spots  or  un- 
usually hard  spots  are  harmful.  The  pavement  must 
be  uniformly  supported  in  order  that  the  stresses  may 
be  equalized  and  distributed  in  all  directions  in  the 
slab.  If  they  are  concentrated  by  hard  or  soft  spots 
in  the  subgrade.  the  pavement  must  fail  fir.st  at  these 
points.  A  subgrade  constant  in  volume  and  homogene- 
ous ill  character  must  also  have  definite  supporting 
poM'er  on  which  the  design  of  the  slab  may  be  based. 
There  is,  perhaps,  no  subject  that  has  been  written 
of  and  spoken  of  so  often  and  neglected  so  much  as 
the  subject  of  drainage.  The  surface  and  ground  wa- 
ters must  be  removed  away  from  a  pavement  if  the 
pavement  is  to  last.  This  is  particularly  true  if  the 
frost  penetrates  the  ground  more  than  six  or  eight 
inches.  The  uplieaval  of  pavements  due  to  frost  action 
is  a  very  common  occurrence  and  one  of  the  serioiisly 
harmful  agencies  to  be  understood  and  cared  for.  Good 
drainage  and  a  thorough  understanding  of  climatic 
conditions  are  necessarily  a  part  of  the  success  or 
failure  of  a  pavement.  Changes  in  the  temperature  of 
the  concrete  slab  and  changes  in  the  moisture  in  the 
concrete  develop  forces  that  are  to  be  provided  for 
and  worked  with,  rather  than  resisted.     The  natural 

jHlforce  as  well  as  the  forces  of  traffic  must  be  studied 

l^wnd  met  in  pavement  design. 

^^B*   It  was  little  thought  fifteen  or  twenty  years  ago 

^^Hthat  the  volume  and  character  of  traffic  on  our  modern 
highways  would  change  so  tremendously.  The  num- 
ber and  size  of  veliicles  grew  by  leaps  and  bounds,  as 
also  did  the  loads  that  they  carry.  The  five  or  seven 
passenger  car  grew  to  a  twenty  or  twenty-five  pas- 
senger bus ;  the  one-ton  truck  to  the  huge  freight  and 


logging  truck  of  today.  It  seems,  however,  that  this 
growth  must  be,  and  in  fact  it  is,  being  controlled  by 
legislation  in  the  interest  of  the  limit  on  our  financial 
ability  to  construct  pavements  to  withstand  the  loads. 
Without  legislation  to  control  the  maximum  sized  truck  ■ 
and  the  distribution  of  its  weight  upon  the  pavement,, 
it  would  be  impossible  to  maintain  our  highways  and 
reap  the  benefits  to  which  we  are  entitled  by  reason 
of  the  public  funds  invested  in  the  highways.  Pave- 
ments, of  course,  can  be  built  *o  withstand  any  given 
load,  but  the  funds  needed  to  pay  for  them  would 
bankrupt  our  people.  I  suggest  that  the  load  be  lim- 
ited to  18,000  pounds  to  any  one  axle  and  that  the 
vehicle  having  four  wheels  be  limited  to  12  tons.  In 
studying  this  subject,  the  causes  of  and  the  amount  of 
impact  must  be  known.  Tests  have  been  made  along 
this  line  that  have  demonstrated  the  value  of  pneu- 
matic and  solid  rubber  tires  and  the  much  greater  im- 
pact with  solid  rubber  tires  as  compared  -with  pneu- 
matic tires.  While  the  volume  of  traffic  is  important, 
its  character  is  vital,  and  the  loads  must  be  thoroughly 
studied. 

Pavements  first  developed  through  cut  and  try 
methods.  They  were  designed  in  so  far  as  their  gen- 
eral makeup  was  concerned,  but  the  stresses  in  the 
pavement  slab  were  not  calculated.  The  problem,  be- 
ing one  of  mechanics,  involving  a  multitude  of  stresses 
acting  from  below  as  well  as  from  above,  justifies  a 
vast  amount  of  research  work  that  is  now  being  at- 
tacked in  a  scientific  manner.  The  technical  data  de- 
veloped regarding  the  character  and  impact  of  traffic 
and  its  effects  on  the  pavement,  the  supporting  power 
and  reactions  of  the  subgrade,  the  distribution  and 
variations  of  the  subgrade  reaction  and  the  stresses  in 
the  various  parts  of  the  pavement  slab  are  technical 
and  too  involved  to  be  discussed  at  tliis  time.  Prog- 
ress in  research  is  very  rapid  and,  while  it  is  improb- 
able that  we  shall  ever  develop  short  formulae  that 
will  be  adequate,  it  nevertheless  will  be  possible  to 
design  an  adequate  and  economical  pavement  after  a 
thorough  study  of  the  subgrade,  the  traffic  and  the  ma- 
terials of  which  the  pavement  will  be  made. 

The  ordinary  defects  found  in  concrete  pavements 
are  broken  corners  and  cracks,  both  longitudinal  and 
transverse.  Pavements  so  obviously  inadequate  be- 
cause of  design,  faulty  materials  or  faulty  construc- 
tion as  to  ravel  and  break  down  completely,  are  not 
considered  here  for  the  reason  that  this  condition  can 
be  avoided  without  any  great  difficulty.  Broken  cor- 
ners, having  a  length  along  either  leg  or  two  or  three 
feet  are  serious  and  should  be  avoided  by  a  proper 
thickness  of  slab.  The  corner  of  a  slab  or  section  of 
pavement  has  been  demonstrated  to  act  as  a  cantilever 
beam  and  can  be  designed  as  such,  considering  the 
maximum  wheel  load,  impact,  and  the  strength  of  the 
concrete.  This  calls  to  mind  again  the  necessity  of 
limiting  the  wheel  load  to  a  given  maximum  as  a  basis 
for  design.    A  pavement  designed  to  have  sufficient 
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corner  strength  to  carry  a  certain  traffic  will  be  ade- 
quate as  far  as  shearing  or  piuiehing  strength  at  other 
points  is  coneemed.  Transverse  and  longitudinal  crack- 
ing cannot  be  so  easily  eliminated.  These  cracks  are 
caused  by  stresses  due  to  beam  action  in  the  slab,  un- 
equal expansion  and  contraction,  due  to  moisture  and 
"temperature  changes,  frost  action  and  unequal  sup- 
port afforded  by  the  subgrade.  The  subject  is  being 
studied  and  the  question  arises  as  to  how  far  we  shall 
go  in  expense  to  avoid  cracks  altogether.  At  first  a 
crack  was  thought  to  be  a  sign  of  incipient  failure. 
Experience  has  shown,  however,  that  from  a  mainte- 
nance and  operating  point  of  view  they  are  not  fatal ; 
it  is  still  a  matter  of  opinion  as  to  how  serious  they  are. 

There  are  many  pavements  eight  to  ten  years  old 
that  are  badly  cracked  and  they  continue  to  give  good 
service,  at  a  comparatively  low  cost  for  maintenance. 

Sand  is  "just  sand,"  and  gravel  "just  gravel"  to 
the  average  man.  To  the  engineer,  however,  they  arc 
an  important  part  of  his  work  and  must  be  thoroughly 
tested  to  determine  their  fitness  for  concrete  construc- 
tion. It  is  also  necessary  to  test  tlie  cement  and  the 
water  proposed  for  use  in  concrete  construction.  The 
possible  sources  of  sand  and  gravel  should  be  thor- 
oughly examined  before  the  contract  for  a  pavement 
is  awarded.  The  examination  should  include  test  holes 
to  determine  the  quantity  of  materials  available,  and 
the  sand  and  gravel  should  be  thoroughly  tested  to  de- 
termine their  suitability  or  the  possibility  of  washing 
and  regrading  to  make  them  satisfactory.  This  infor- 
mation, if  available  to  contractors,  will  eliminate  the 
most  extreme  and  risky  gamble  connected  with  pave- 
ment construction.  It  is  also  advisable  to  acquire  the 
property  for  the  development  of  side  of  the  road  pits, 
as  the  municipality  is  in  a  better  po.sition  to  purchase 
the  land  from  which  the  sand  and  gravel  are  to  be 
taken  than  is  tlie  contractor.  If  the  property  is  made 
available  to  the  bidders  by  the  organization  awarding 
the  contract,  all  bidders  are  on  the  -same  competitive 
basis;  if,  on  the  other  hand,  one  contractor  should  ac- 
quire the  property  to  the  exclusion  of  all  others,  he 
can  exploit  his  position  for  his  personal  profit,  a  con- 
dition that  means  increased  costs  of  construction. 

Good  workmanship  must  go  hand  in  hand  with  good 
materials.  The  one  is  just  as  essential  as  the  other  to 
8  good  job.  We  have  developed  a  system  of  carrying 
on  and  finishing  our  work  that  has  eliminated  the  per- 
sonal equation  to  a  large  extent.  Each  contractor  is 
required  to  furnish  a  definite  set  of  tools  designed  by 
the  state  and  to  use  them  in  a  certain  prescribed  man- 
ner. Each  workman  is  thereby  given  the  benefit  of 
t';c  experience  of  all  by  being  supplied  with  tools  and 
instructions  from  our  engineers  and  they  secure  a 
first  class  job. 

The  specifications  covering  the  details  of  materials 
end  construction  are  quite  thoroughly  developed,  and, 
under  competent  engineers,  are  getting  good  results. 
From  a  layman's  point  of  view  and  from  an  adminis- 


trative point  of  view,  the  thing  to  do  is  to  secure  the 
senices  of  competent  engineers  and  then  to  back  them 
up.  Specifications  are  only  as  good  as  the  inspection. 
Furthermore,  no  matter  how  good  the  specifications, 
their  value  to  the  work  is  measured  by  the  loyalty,  in- 
telligence and  judgment  of  the  engineers  and  inspec- 
tors in  charge  of  the  work  and  the  support  given  them 
by  public  officials  and  the  public  at  large. 


STATES  AID  IN  ELIMINATING 

RAILWAY  GRADE  CROSSINGS 

What  can  be  done  when  a  community  sets  out  to  rid 
itself  of  the  menace  of  railroad  grade  crossings  is 
shown  by  the  plans  for  a  federal-aid  road  to  be  con- 
structed in  Alabama  between  Ariton  and  Clayton.  In 
a  distance  of  about  25  mi.  the  old  road  crossed  the 
railroad  14  times.  By  good  engineering  13  of  these 
crossings  have  been  eliminated,  the  remaining  one  be- 
ing in  tlie  small  town  of  Clio,  where  there  are  only 
three  trains  a  day,  and  these  move  at  slow  speed  as 
they  approach  the  station. 

Some  months  ago  the  U.  S.  Bureau  of  Public  Roads 
announced  that  grade  crossings  would  be  eliminated  on 
all  federal-aid  highways  wherever  practicable.  Offi- 
cials of  the  bureau  are  receiving  hearty  co-operation 
from  state  highway  departments  and  the  general  ap- 
proval of  the  public. 

It  has  been  found  possible  to  revise  many  plans, 
keeping  the  road  entirely  on  one  side  of  the  track  or 
finding  a  suitable  place  where  the  road  can  cross  be- 
neath or  above  the  track. 

In  some  states  the  highway  department  on  accoiuit 
of  existing  legislation  are  having  difficulty  in  inducing 
the  railroad  companies  to  sliare  the  cost  of  placing  the 
highway  above  or  under  the  track. 


i:OW  BID  FOR  GRADING  IN  SOUTH  DAKOTA 

What  is  said  to  have  been  the  lowest  price  received 
for  grading  in  the  history  of  the  iSouth  Dakota  State 
Highway  Department  was  received  recently  when  a 
contractor  bid  15  ct.  per  cu.  yd.  for  an  extensive  proj- 
ect in  Spink  County.  That  figure  includes  all  grad- 
ing, the  finishing  of  the  road,  and  its  maintenance  un- 
til it  is  finally  accepted  by  the  commission.  In  Clark 
County  another  low  bid  of  19  et.  per  cu.  yd.  was  re- 
ceived. At  these  prices  the  commission  can  build  from 
2  to  2.5  mi.  of  road  for  the  price  of  constructing  1 
mi.  in  1920. 


The  Lincoln  Highway  Condition  Report,  the  first  for 
the  1922  touring  season,  was  issued  May  15.  These 
reports,  which  give  a  complete  picture  of  conditions 
on  the  Lincoln  Highway,  will  be  published  twice  month- 
ly by  the  Lincoln  Highway  Association  until  Novem- 
ber 15.  Through  them  the  press,  the  representatives  of 
the  association,  and  tourinng  bureaus  everywhere  are 
provided  with  reliable  information  for  touri.sts. 
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if  possible,  accompanied  by  phototraphs.  Those  accepud  vnll  be 
paid  for  at  current  rates. 


off  and  roll  down  the  mountainside.  The  railroad 
at  the  foot  of  the  mountain  has  found  it  necessary  to 
have  watchmen  on  duty  twenty-four  hours  a  day  to 
guard  against  this  danger  and  there  is  no  reason  why 
some  like  precaution  should  not  be  taken  with  the 
highway. 

Aside  from  the  protection  they  would  afford  the  au- 
tomobilist,  lights  along  this  highway  would  serve  to 
advertise  it  better  than  any  pamphlets  or  other  pub- 
licity matter.  They  would  attract  the  attention  of 
travelers  on  the  Hudson  Eiver  night  boats  and  on  the 
railroads  on  both  sides  of  the  river,  and  thus  announce 
to  peoph ,  from  all  over  the  world  the  existence  and  lo- 
cation of  this  wonderful  highway  the  State  of  New 
York  has  built  for  the  delight  of  all  tourists. 
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STATE  SHOULD  PATROL  AND 

LIGHT  THE  STORM  KING  HIGHWAY 

There  is  one  fact  that  cannot  fail  to  impress  itself 
upon  anyone  who  makes  a  trip  over  the  Storm  King 
Highway  as  described  elsewhere  in  this  issue.  That 
fact  is  that  it  is  going  to  be  a  very  dangerous  stretcb 
of  roadway.    In  order  to  follow  the  slope  of  the  moun 

Plains,  it  was  necessary  to  build  a  road  of  many  curves 
and  many  changes  of  grade.  As  the  cut  was  in  solid 
rock  and  very  heavy,  it  was  not  possible  to  provide  for 
proper  vision  on  these  curves,  either  horizontal  or 
vertical.  Therefore,  it  will  be  a  place  for  slow  and 
cautious  driving. 

While  a  great  many  will  be  sufficiently  awed  by  the 
great  heiglith  of  the  road  above  the  river  to  proceed 
carefully  and  many  more  will  want  to  drive  slowly  so 
as  CO  get  the  full  benefit  of  the  view,  there  Avill  always 
be  some  who  will  take  chances.  To  protect  the  tour- 
ing public  from  these  reckless  drivers,  it  seems  that  the 
road  should  be  patrolled  by  traffic  policemen  during 
the  day  and  should  be  lighted  at  night. 

It  was  originally  planned  to  have  the  road  widened 
at  certain  points  where  the  tourists  would  be  most 
likely  to  stop  but  this  was  not  found  to  be  practicable. 
As  the  road  will  be  only  of  ordinary  width,  it  is  prob- 
able that  the  traffic  will  become  so  congested  at  times 
that  traffic  policemen  will  be  needed  to  keep  tlie  two 
streams  of  travel  moving. 

The  need  for  both  patrolmen  and  lights  is  further 
emphasized  by  the  fact  that  the  formation  of  the  rock 
on  the  mountains  is  such  that  pieces  of  ledge  break 


FINANCING  OUR  FUTURE  HIGHWAYS 

' '  Plan  now  the  financing  of  highways  for  the  future 
and  place  highway  transportation,  which  has  come  to 
be  an  indispensable  part  of  our  national  life,  on  a  firm 
foundation."  This  is  the  advice  given  by  Thomas  H. 
MacDonald,  Chief  of  the  U.  S.  Bureau  of  Public  Roads, 
for  the  consideration  of  every  voter,  tax  payer  and  leg- 
islator. 

"We  are  starting  out  to  construct  a  system  of  high- 
ways such  as  no  nation  ever  constructed  before.  The 
nearest  approach  to  it  is  found  in  France  and  Grcr- 
many,  and  the  area  of  neither  is  as  large  as  Texas. 
This  great  undertaking  is  being  entered  into  because 
highways  are  not  a  luxury  but  furnish  a  real  service, 
have  a  real  earning  capacity,  and  liave  become  a  na- 
tional necessity. 

"For  such  an  undertaking  to  be  successful,  financing 
to  care  for  maintenance,  reconstruction,  and  new  con- 
struction should  be  planned  for  a  long  period  of  years 
in  advance.  Changes  in  methods  of  raising  funds 
every  few  years,  uncertainty  as  to  whether  funds  will 
be  provided,  and  periods  in  which  funds  are  not  pro- 
vided all  increase  the  final  cost  of  highways.  Such 
a  policy  would  soon  bring  any  private  business  to  dis- 
aster. 

' '  Development  and  increase  in  numbers  of  motor  ve- 
hicles and  the  coincident  need  and  demand  for  good 
roads  have  come  so  rapidly  that  methods  of  raising 
funds  have  often  been  expedients  for  the  time  being. 
Consideration  has  been  given  not  so  much  to  the  just 
distribution  of  the  cost  as  to  how  the  funds  can  be 
raised  with  the  least  controversy  and  the  utmost  ease. 
Then,  too,  the  use  made  of  highways  and  the  service 
rendered  by  them  has  changed  greatly  within  the  last 
few  years. 

' '  All  this  leads  to  the  conclusion  that  the  whole  sit- 
uation should  be  gone  over  very  carefttlly,  trafiSc  stud- 
ies made,  and  the  cost  distributed  in  proportion  to  the 
seiwice  rendered. 

"The  Bureau  of  Public  Roads  estimates  that  of  the 
$600,000,000  spent  for  highways  last  year  33  per  cent 
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was  federal  aid  and  motor  vehicle  revenue.  Tlie  re- 
maining 67  per  cent  conies  eitlier  directly  or  will  event- 
ually be  paid  from  state  and  local  taxes.  It  is  be- 
lieved that  a  very  considerable  readjustment  of  the 
source  of  revenues  must  be  made  so  that  a  larger  per- 
centage will  be  paid  by  the  road  user  and  a  lesser  per- 
centage from  state  or  local  taxes." 


NEW  BRIDGE  IS  OPENED  IN  INDIANA 
The  new  concrete  highway  bridge  over  the  Wabash 
Biver  at  Attica,  Indiana,  was  recently  opened  for  use 
with  appropriate  dedication  ceremonies.  This  bridge, 
which  was  built  by  Fountain  County  under  state  super- 
vision and  after  state  plans,  was  started  in  August, 
1919,  cost  abo\it  $273,000,  and  is  the  largest  in  the 
state.  The  total  length  of  the  bridge  is  985  ft.  The  six 
spans  vary  in  length  from  150  to  135  ft.  The  roadway, 
which  is  40  ft.  above  the  low  water  line  of  the  river,  is 
20  ft.  wide  and  is  flanked  on  either  side  by  5-ft.  side- 
walks.   The  structure  is  lighted  by  electricity. 


INDIANA  ROADS  READY  FOR  TOURISTS 

The  maintenance  division  of  the  Indiana  Highway 
Department  made  haste  thLs  season  to  get  the  state 
roads  in  condition  so  as  to  take  care  of  the  traffic  to 
and  from  the  Indianapolis  Motor  Speedway  for  the 
motor  derby  of  May  30.  According  to  John  D.  Wil- 
liams, director  of  highways,  all  the  triuik  lines  are  in 
splendid  condition.  The  highways  are  marked  witli 
numbers  painted  on  the  telephone  poles,  white  num- 
bers on  a  black  background  within  an  outline  drawing 
of  the  state.  To  insure  the  maximum  safety  of  all 
drivers  unfamiliar  with  the  roads,  culvert  headwalls, 
mail  box  posts,  telephone  poles,  and  other  obstructions 
near  the  roadway  have  been  freshly  whitewashed.  The 
publicity  department  keeps  the  neighboring  state  high- 
way departments,  chambers  of  commerce  in  the  cities 
of  Indiana  and  the  surrounding  territory,  and  automo- 
bile and  motor  clubs  informed  of  the  condition  of  the 
interstate  routes. 


CARELESS  DRIVERS  NAMED  "FLIWERBOOBS" 

Reckless  and  cai-eless  drivers  of  automobiles  are  to 
be  known  as  "fliwerboobs"  according  to  the  decision 
reached  by  the  judges  of  the  American  Automobile 
ABsociation's  contest  to  pick  a  name  describing  the 
reckless  driver  in  the  same  manner  that  "jay-walker" 
describes  the  careless  pedestrian.  More  than  10,000 
names  were  submitted  by  contestants  from  all  parts 
of  the  country.  The  winning  name  was  suggested  by 
P.  B.  Simpson  of  Cedar  Rapids,  la.,  and  the  prize  of 
♦25  in  gold  offered  by  the  A.  A.  A.  has  been  forwarded 
to  him. 


Secretary  of  AgricoltTire  Wallaioe  has  just  approved 
the  expenditure  of  $586,000  of  national  forest  liigh- 
hiray  funds  for  the  construction  of  106  mi.  of  roads 
in  the  State  of  Colorado. 


EFFECT  OF  ORGANIC  MATTER 

IN  CONCRETE  TO  BE  STUDIED 

Sands  unsuitable  for  concrete  on  account  of  the  pres- 
ence of  loam  or  other  organic  matter  are  to  be  in- 
vestigated by  the  U.  S.  Bureau  of  Tublic  Roads  and 
methods  of  treatment  devised  to  make  them  safe  for 
use.  Until  recent  years  it  often  happened  that  con- 
crete made  of  good  cement  and  well-graded  and  ap- 
parently good  sand,  would  disintegrate  and  become 
worthless.  In  such  eases  the  poor  quality  has  been  at- 
tributed to  all  the  different  things  which  go  to  make 
a  poor  concrete.  A  few  years  ago  laboratory  workers 
discovered  the  effect  of  organic  matter  in  sand  and  de- 
vised a  simple  test  to  determine  its  presence  in  harm- 
ful quantities.  The  bureau  now  topes  to  find  methods 
of  treatment  so  that  such  sands  can  be  used.  Samples 
of  aand  from  all  parts  of  the  country  are  desired  and 
anyone  is  invited  to  send  in  a  sample  in  which  the  pres- 
ence of  organic  matter  is  suspected,  addressed  to  the 
Bureau  of  Public  Roads,  Washington,  D.  C. 


FUNDS  AVAILABLE  TO  BUILD 

46,000  MILES  OF  GOOD  ROADS 

The  $350,000,000  appropriated  by  Congress  as  federal 
aid  in  conjunction  with  state  funds  will  result  in  the 
construction  of  about  46,000  mi.  of  road,  says  the  U.  S. 
Bureau  of  Public  Roads.  This  mileage  would  parallel 
the  railroad  from  New  York  to  San  Francisco  nearly 
15  times,  or,  if  divided  equally  among  the  States,  would 
give  nearly  1,000  mi.  to  each  State. 

The  status  of  road  building  on  April  30  was  as  fol- 
lows :  in  projects  entirely  complete,  a  total  of  16,375  mi. ; 
under  construction,  13,950  mi.  in  projects,  averaging 
62  per  cent  complete.  A  considerable  part  of  the  latter 
mileage  is  actually  complete  and  in  service.  In  addition 
funds  have  been  allotted  to  7,511  mi.,  much  of  which 
will  come  under  construction  during  the  present  season. 
Besides  this  there  is  still  available  for  new  projects  $60,- 
148,000,  which  on  the  same  basis  as  previous  Federal-aid 
construction  will  result  in  the  construction  of  8,200  mi. 
of  highway.  In  March  the  fund  available  for  new  proj- 
ects was  taken  up  at  the  rate  of  $12,000,000  a  month  and 
at  the  rate  of  $5,700,000  in  April. 


A  movement  is  under  way  to  plant  thousands  of  Ice- 
land poppies  along  the  road  from  Calgary  to  Banff 
in  the  heart  of  the  Canadian  Rockies.  Automobile 
clubs  are  cooperating  in  the  movement  and  it  is 
planned  to  use  60  cars,  each  containing  four  men,  to 
prepare  the  soil  and  do  the  planting.  One  car  will  be 
assigned  each  mile  of  road. 


The  Montana  State  Highway  Department  has  exer- 
cised for  the  first  time  the  authority  vested  in  it  by  the 
last  legislative  assembly  by  ordering  the  removal  of  an 
objectionable  advertising  sign  along  a  state  highway. 
The  sign  obscured  the  vision  at  a  railroad  crossing. 
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PUBLICATIONS 


PUBLrCITY  METHODS  FOR  ENGINEERS.  Cloth,  SVaX 
7%  in.,  207  pages,  65  illustrations.  Published  by  the  Amer- 
ican Association  of  Engineers,  63  E.  Adams  St.,  Chicago, 
111.     Price   $1.50,  postpaid. 

This  book  is  based  on  the  papers  and  discussions  at 
the  First  National  Engineering  Conference  on  Public 
Information,  1921.  It  has  been  carefully  edited  to  con- 
serve the  time  of  the  reader  and  amended  to  make  a 
working  manual  of  modern  public  information 
methods  used  by  associations,  societies,  municipali- 
ties, public  service  corporations  and  trade  organiza- 
tions in  promoting  favorable  public  opinion  ratlier  than 
commercial  products.  The  methods  used  by  the  Amer- 
cian  Association  of  Engineers  are  discussed  in  detail. 

The  contents  include  six  chapters:  (1)  Some  Reasons 
for  Publicity,  (2)  The  Right  Conception  of  Publicity. 
(3)  Ways  and  Means  that  Bring  Publicity,  (4)  Getting 
News  in  the  Newspapers,  (5)  The  Publicity  Man  and 
What  He  Needs  to  Know,  (6)  Typical  Publicity  Prob- 
lems, and  an  appendix;  (1)  Some  Approximate  Costs 
for  Estimating,  (2)  A  Brief  Outline  of  a  Working  Plan. 

In  addition  to  giving  the  principles  of  presenting 
to  the  public  information  about  engineers,  this  book 
shows  by  specific  examples  how  it  is  being  done  at  the 
present  time.  While  it  is  described  on  the  jacket  as 
a  manual  for  men  engaged  in  publicity  work,  it  can 
not  fail  to  be  interesting  and  valuable  reading  for  any 
engineer,  especially  one  employed  on  public  works. 


» 


I 


HENDRICKS'  COMMERCIAL  REGISTER.  1921  edition. 
Cloth,  714  by  9%  in.,  2,572  pages.  Published  by  S.  E.  Hen- 
dricks Co.,  Inc.,  70  Fifth  Ave.,  New  York  City.     Price  $12.50. 

This  volume  is  a  register  of  producers,  manufactur- 
ers, dealers  and  consumers  connected  with  the  elec- 
trical, engineering,  hardware,  iron,  .steel,  mechanical, 
chemical,  architectural,  mill,  mining,  quarrying,  con- 
tracting and  kindred  industries.  It  is  intended  as  a 
buyers'  reference  for  the  use  of  executives,  purchasing 
agents  and  sales  managers  engaged  in  the  above  in- 
diLstries. 

The  book  is  divided  into  five  sections:  (1)  Index  to 
Trades,  (2)  Clas.sified  Trades,-  (3)  Trade  Names,  (4) 
Alphabetical,  (5)  Index  to  Advertisers.  The  first  sec- 
tion is  an  index  to  the  second  which  lists  the  con- 
cerns under  the  material  or  service  offered.  In  the 
larger  lists,  the  arrangement  is  alphabetical  by  states 
and  cities,  and  in  the  other  lists,  is  alphabetical  for  the 
whole  United  States.  The  third  section  lists  trade 
names  followed  by  the  name  and  address  of  the  manu- 
facturer. In  the  fourth  section,  all  firms  which  appear 
in  the  book  are  listed  alphabetically. 


This  is  a  compilation  of  exact  copies  of  the  license 
laws  for  professional  engineers  in  various  states,  and 
it  contains  sixteen  laws  now  in  force  in  sixteen  states: 
Arizona,  Colorado,  Florida,  Indiana,  Iowa,  Louisiana, 
Michigan,  Minnesota,  New  Jersey,  New  York,  North 
Carolina,  Oregon,  Pennsylvania,  Tennessee,  Virginia, 
West  Virginia.  It  has  been  prepared  and  published  as 
a  service  to  the  profession,  for  the  use  of  engineers  who 
desire  to  practice  engineei'ing  in  more  than  one  state, 
and  also  for  the  assistance  of  those  engaged  in  the 
preparation  of  a  law  in  states  where  engineers  are  not 
registered. 

NEW  PUBLICATION  ANNOUNCED 

The  Department  of  Roads  and  Highways  of  Kentucky 
has  announced  for  this  month  the  first  issue  of  a  monthly 
publication  to  be  called  the  "Kentucky  Road  Builder." 
Joe.  S.  Boggs,  State  Highway  Engineer,  will  be  editor 
and  the  magazine  will  be  published  by  John  H.  Hoag- 
land,  514  S.  5th  St.,  Louisville.  The  purpose  of  this 
publication  will  be  primarily  the  education  bf  the  people 
as  to  the  work  and  accomplishments  of  the  highway 
department. 

HIGHWAY  DEPARTMENT  TO 

PUBLISH  INSTRUCTION  MANtJAL 

The  State  Highway  Department  of  Montana  con- 
templates the  completion  in  the  near  future  of  a  manual 
of  instructions  for  employees.  The  manual  will  be 
divided  into  three  sections  dealing  with  administration, 
preconstruction,  and  construction  respectively.  The  ad- 
ministrative section,  which  deals  with  headquarters  and 
district  office  procedure,  is  now  complete.  Principal 
Assistant  Engineer  H.  C.  Kuhl  is  engaged  in  compiling 
the  preconstruction  and  construction  sections  which  will 
deal  with  field  and  office  engineering  practice.  It  is  the 
intention  of  the  department  to  have  the  manual  printed 
in  loose  leaf  form  and  bound  in  ring  binders  of  con- 
venient pocket  size.  This  plan  will  permit  of  revision  as 
future  changes  in  practice  require. 


CONEY  ISLAND  PARKWAY  COMPLETED 

Ocean  Parkway  from  Prospect  Park  to  Coney  Island 
in  the  Borough  of  Brooklyn,  N.  Y.,  has  been  paved  to 
a  width  of  seventy  feet  with  3  in.  asphalt  top  on  a 
6-in.  concrete  base  and  was  formally  opened  to  traffic 
May  19.  This  section  of  road  is  about  5.5  mi.  in  length 
and  was  built  at  a  total  cost  of  $1,030,785.  That  thxi 
work  was  pushed  very  rapidly  is  shown  by  the  fact 
that  the  appropriation  was  not  voted  until  March  19, 
1921.  The  parkway  is  one  of  the  finest,  if  not  the 
finest,  thoroughfare  in  Greater  New  York. 


ENGINEERS'  LICENSE  LAWS.  Paper  6x9  in.,  136  pages. 
Compiled  by  the  American  Association  of  Engineers,  63  E. 
Adam<!  St.,  Chicago,  111.     Price  50  cts.,  postpaid. 


Approval  by  the  U.  S.  Bureau  of  Public  Roads,  of  the 
plans  submitted  by  the  State  Highway  Commission  of 
Indiana  for  the  ideal  section  of  the  Lincoln  Highway  to 
be  built  in  Lake  County,  near  Chicago,  now  makes  it 
possible  for  the  State  of  Indiana  to  proceed  immediately 
with  the  construction  of  the  section. 


330 


GOOD    ROADS 


June  14,  1922 


Equipment  —  Trade  —  Materials 


DUNN  ROAD  PAVER  IN  OPERATION 


THE  MILE-A-WEEK  ROAD  BUILDER 

The  Milc-a-Wcek  Road  Builder  is  the  name  given  to  a 
new  machine  for  screeding.  tamping,  and  finishing  con- 
crete roadB  manufactured  by  the  Dunn  Road  Machinery 
Company  of  Conneaut,  Ohio.  Although  the  machine  has 
not  been  advertised  previous  to  1922.  the  first  one  was 
built  seven  years  ago.  Many  miles  of  roads  were  tamped 
and  finished  during  this  pioneer  period.  The  machine  is 
arranged  for  tamping  and  belt  finishing  concrete  roads 
and  is  adjustable  for  base  courses  and  for  two-course 
concrete  pavements.  In  the  latter  case,  a  sub  strike-off 
is  used.  It  is  dropped  in  front  of  the  machine  by  means 
of  a  self-locking  lever  and  strikes  off  the  first  course  at 
any  required  distance  from  the  top  of  the  forms.  This 
makes  it  possible  to  locate  the  reinforcement  exactly  as 
specified. 

When  put  in  operation  the  machine  strikes  off  the 
concrete  in  two  levels.  The  auxiliary  strike-off  is  the 
first  member  to  come  in  contact  with  the  concrete  as 
delivered  from  the  mixer.  It  allows  about  a  2-in. 
layer  to  pass  under.  This  layer  is  then  operated  upon 
by  the  clearing  tamper  which  has  an  adjustable  vertical 
movement  and  comparatively  slow  speed.  Through  its 
action  all  large  pieces  of  aggregate  are  pressed  slightly 
below  the  finished  surface.  The  main  strike-off  follows 
the  clearing  tamper  and,  having  to  contend  with  only 
fine  material,  cuti*  clean  and  smooth  with  no  tearing  up  of 
the  surface.  The  concrete  is  next  acted  upon  by  the 
spader,  a  ^-in.  blade  suspended  from  the  front  end  of 
five  rocker  arms.  The  tamper,  a  4-in.  channel  with 
flanges  turned  up  is  hung  from  the  rear  end  of  the 
;8amc  rockers.  Both  these  mcmberH  have  a  vertical  move- 
ment and  are  driven  by  eccentritf  cams.  Both  are  ad- 
justable as  to  depth  of  stroke  and  contour.     The  last 


step  in  the  process  is  accomplished  by  the  finishing  belt. 
This  has  a  5-in.  transverse  stroke  and  can  be  lifted  clear 
of  the  road,  started  and  stopped  by  the  operator  who 
rides  on  a  platform  located  in  the  middle  and  on  the 
front  side  of  the  machine. 


NEW  STEAM  SCARIFIER 

A  new  steam  scarifier  for  attachment  to  a  Case  road 
roller  has  been  placed  on  the  market  this  season  by 
the  J.  1.  Case  Threshing  Machine  Co.  of  Toronto,  Ont. 
It  is  attached  to  the  rear  of  the  roller  and  both  are 
handled  by  the  same  operator.  The  six  scarifier  teeth 
are  raised  and  lowered  by  a  steam  pres.sure  cylinder 
and  are  driven  into  tbe  ground  by  a  pressure  of  four 
tons.  The  teeth  are  adjustable  for  depth  and  can  be 
removed  if  desired.  Thus  depth  and  width  of  cut  can 
both  be  varied.  The  attachment  adds  1.850  pounds  to 
the  weight  of  the  roller.  The  rollers  with  scarifier  at- 
tachment are  specially  constructed  with  all  steel  bear- 
ings and  spring  cushions  in  the  differential  gear  to 
absorb  the  sudden  strains  due  to  the  additional  work. 


CONGRESS  MAY   DEFINE 

A  "TRADE  ASSOCIATION" 

A  joint  resolution  introduced  in  Congress  by  Sena- 
tor Edge  of  New  Jersey  and  Representative  McArthur 
of  Oregon  provides  for  the  appointment  of  a  commit- 
tee of  three  senators  and  three  representatives  to  make 
a  .study  of  the  legal  situation  affecting  trade  organiza- 
tions and  to  recommend  legislation  "to  define  the 
rights  and  limitations  of  co-opei-ative  organizations  as 
distinguished  from  illicit  combinations  in  I'cstraint  of 
trade."  Senator  Edge  introduced  eoncurTcntly  a  bil! 
defining  the  rights  of  trade  associations. 
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SAVING  THE  NINE-FOOT  ROAD 

Nine-foot  maeadani  roads  are  coiumou  in  many  parts 
of  the  country.  How  many  miles  there  are  figures  do 
not  show  but  personal  observation  leads  to  the  view 
chat  the  mileage  is  considerable  and  that  9  ft.  of 
njacarlam  is  well  worth  saving  if  a  way  can  be  found 
to  do  ii  economically. 

A  sensible  and  inexpensive  way  of  salvaging  these 
old  roads  was  undertaken  by  LaCrosse  County,  Wis- 
consin, and  it  proved  to  be  wholly  satisfactory.  The 
roiid  is  called  the  Salem  Road,  Ti-unk  Line  No.  21,  and 
the  part  that  was  rebuilt  is  about  ten  miles  long,  con- 
necting with  Federal  Project  No.  164. 

The  method  of  construction  was  as  follows.  On 
either  side  of  the  old  road  trenches  were  dug  to  the 
depth  of  the  old  macadam.  In  these  trenches  were 
constructed  broken  stone  foundations.  These  founda- 
tions were,  in  reality,  shouldei's  for  the  old  road.  They 
were  boilt  4.5  ft.  wide,  so  that  tlie  new  roadway  is 
now  18  it.  The  material  thrown  out  of  the  trenches 
formed  a  berme  for  the  shoulders  and  for  the  new  top. 
In  all  construction  work  of  this  kind  it  is  extremely 
important  that  the  new  work  be  rolled  thoroughly,  so 
that  there  may  be  no  settlement  of  the  new  part  when 
tlie  road  is  completed.  Many  failures  of  new  topping 
may  be  traced  directly  to  lack  of  care  in  rolling  and 
thoroughly  consolidating  new  bases  placed  contingent 
to  old  construction. 

The  illustration  shows  how  the  old  road  looked  after 

the  new  shoulders  had  been  built.     The  improvement 

was  con.siderable,  but  the  road  was  yet  by  no  means 

a  triink  line  suitable  for  carrying  heavy  traffic.    It  was 

necessary  to  build  a  new  top  over  the  old  road  and  the 

new  shoulders.     In  cases  of  this  kind  it  is  sometimes 

j  advisable  to  let  the  road  go  through  a  season  before  the 

new  top  is  put  on.  so  that  if  there  is  any  settlement  of 

itlie  n'wly  built  sections  such  settlement  may  be  taken 

I  care  oi  before  the  top  is  spread.    But  if  the  drainage  is 

good,  llie  sub-soil  firm,  and  the  shoulders  have  been 

well  built  there  is  no  reason  why  the  top  may  not  be 

immediately  laid. 

In  the  case  in  question  a  3-in.  Tarvia-X  penetration 
top  was  constructed  as  soon  as  possible  after  the  foun- 
dalion  was  completed.  This  was  used  as  fast  as  it  was 
built.  While  the  shoulders  were  being  built  traffic 
used  tliC  old  road,  and  with  the  rapid  construction 
p(!ssible  by  the  penetration  method  there  was  a  mini- 
mum of  discomfort  to  the  traveling  public.  Wiscon- 
.sin  is  noted  for  its  opposition  to  detouring,  and  the 
ijfthods  used  ii;  constructing  this  10-mi.  road  were 
?ueh  that  no  detours  were  necessary. 

This  method  of  using  the  old  road  as  part  of  the 
fcundivtion  for  a  new  and  wider  highway  has  so  mueli 
to  commend  it  that  there  should  be  more  of  it  done. 
There  is  a  direct  saving  of  at  least  50  per  cent  in  the 
foundation  cost ;  there  is  assurance  of  a  perfectly  con- 
solidated base  under  the  center  of  the  road,  and  the 
shoulders  mav  easilv  be  made  as  firm  as  the  old  road 


itself:  tl'erc  is  a  good  road  for  traffic  to  travel  over  all 
the  lime  that  construction  is  proceeding;  and  construc- 
tion work  is  rapid. 


CLETRAC  MAKERS  EXPAND 

The  Cleveland  Tractor  Co.,  Cleveland,  Ohio;  makers 
of  Cletracs,  will  soon  be  reorganized  as  the  Allyne- 
Zeder  Motors  Co.  to  manufacture  and  market  the  new 
six-cylinder  car  which  is  being  designed  by  F.  M.  Zeder, 
formerly  chief  engineer  of  the  Willys  Corporation  and 
the  Studebaker  Corporation.  A  new  corporation  sub- 
sidiary to  the  Allyne-Zeder  Motors  Co.  will  be  organ- 
ized under  the  name  of  The  Cleveland  Tractor  Co.  and 
will  continue  the  marketing  of  Cletracs  through  its 
present  distributors  and  dealers.  A  new  one-ton  truck, 
embodying  advanced  details  of  design,  will  be  added  to 
the  Cletrac  Line  in  the  near  future. 

The  Cleveland  Tractor  Co.  is  an  Ohio  corporation 
with  a  capital  of  $6,000,000.  It  owns  a  large  plant  in 
Cleveland  where  Cletracs  have  been  turned  out  for 
more  than  five  years.  The  present  plant  facilities  will 
make  it  possible  to  proceed  with  the  manufacture  of 
the  new  Zeder  with  a  comparatively  small  expenditure 
and  without  impairing  the  production  program  of  trucks 
and  tractors.  The  productive  capacity  of  the  factory 
will  be  50  automobiles  and  50  tractors  a  day. 


BRICK  ROAD  CONTRACT  LET  IN  ILLINOIS 

The  Illinois  State  Highway  Department  has  just  let 
the  contract  for  the  first  brick  highway  to  be  built  by 
the  state  under  the  present  administration.  The  suc- 
cessful bidder  was  J.  E.  Craine  of  Murphysboro,  111. 
The  road  is  13.32  miles  in  length  and  is  situated  be- 
tween Cobden  and  Dongola.  Specifications  provide 
for  a  base  of  10  in.  of  novaculite,  laid  in  two  5-in. 
courses,  a  1.5-in.  sand  cushion,  3-in.  vitrified  brick  and 
asphalt  filler.  Curbs  of  compacted  novaculite  will  be 
12  in.  wide  and  4.5  in.  deep.  The  pavement  will  be  18 
in.  wide. 

"Novaculite"  is  a  trade  name  for  a  local  material 
found  in  southern  Illinois  which  is  a  silica  product,  or 
what  some  engineers  call  disintegrated  chert.  It  CQn- 
tains  alumina  and  oxide  of  iron,  commonly  called  "clay 
binder"  and,  when  rolled  and  compacted,  sets  up  hard 
A.ith  a  cementing  characteristic.  Like  crushed  stone, 
slag  or  gravel  where  available,  it  is  looked  upon  as  a 
good  base  material  when  a  rolled  base  is  desired. 

The  Cobden-Dongola  road  is  a  portion  of  one  of  the 
principal  north  and  soutli  liiglnvays  of  the  state  which, 
stiirting  at  Decatur,  runs  due  soutli  through  Fana,  Van- 
dalia,  Ccntralia  and  Carbondale  to  Cairo,  on  the  Mis- 
sissippi River.  When  completed  it  will  be  one  of  the 
heavy  traffic  routes  of  the  state. 


The  North  Carolina  Highway  Commission  has  con- 
tracts for  1,000,000  barrels  of  cement  to  be  imported 
from  Sweden. 
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MEETINGS 


Calendar  ot  Coming  Meetings 

June  19-20 — American  Construction  Council — Organ- 
izing meeting,  Washington,  D.  C,  R.  C.  Marshall,  Jr. 
1053  Munsey  Building,  Washington,  D.  C. 

June  26-July  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineeis'  Club  Bldg.,  Phila- 
delphia, Pa. 

Aug.  9-10 — Custer  Battlefield  Highway  Association 
—Annual  meeting,  Sheridan,  Wyo.  Secretary,  W.  D. 
Rsher,  Sheridan,  Wyo. 

Oct.  9-13 — American  Society  for  Municipal  Improve- 
inentj) — Annual  convention,  Cleveland,  0.  Secretary, 
Charles  Carroll  Brown,  St.  Petersburg,  Fla. 


A.  A.  E.  HOLDS  ANNUAL  MEETING 

The  failure  to  pass  resolutions  and  constitutional 
amendments  which  would  have  materially  changed  the 
working  of  the  organization  marked  the  annual  con- 
vention of  the  American  Association  of  Engineers  at 
Salt  Lake  City,  Utah,  June  5,  6  and  7.  The  majority 
of  the  more  than  100  delegates  present  favored  stabil- 
ity and  unity  rather  than  innovations  and  changes 
which  might  disrupt  the  organization.  The  worK  of 
the  meeting  lay  along  the  line  of  dividing  the  control 
of  the  body  between  Jthc  local  chapters  and  the  na- 
tional headquarters. 

One  important  action  of  the  meeting  was  the  author- 
ization of  an  extended  national  employment  service  to 
be  developed  by  the  board  of  directors  as  soon  as  suffi- 
cient funds  are  available.  An  amendment  to  the  con- 
stitution created  a  judiciary  committee  which  will  act 
as  a  court  of  final  review  on  all  ca.ses,  especially  those 
invohnng  ethics.  The  practice  committee  reported  that 
it  had  passed  on  20  cases  in  the  past  year.  It  had 
acted  as  a  superior  court  but  recommended  tlie  crea- 
tion of  a  supreme  court  to  pass  on  their  findings.  The 
report  of  the  employment  committee  showed  that  one 
member  in  three  had  applied  for  employment  during 
the  year  and  that  more  than  1,100  men  were  placed  by 
the  chapters  and  1,629  by  headquarters.  These  figures 
indicate  the  need  for  an  expanded  employment  service. 
Chapter  functioning,  publicity,  and  the  importance  of 
the  engineer  taking  part  in  public  affairs  were  dis- 
cussed and  a  resolution  passed  urging  the  chapters  to 
induce  members  to  join  civic  societies  and  to  seek  ap- 
pointment on  committees  relating  to  engineering. 

Entertainment  of  the  delegates  included  the  inspec- 
tion of  various  engineering  works  in  the  vicinity  o£ 
Salt  Lake  City.  A  full-day  trip  by  automobile  took 
them  over  some  of  the  fine  paved  roads  of  Utah  and  an 


inspection  tour  was  made  over  the  new  road  through 
Ogdeu  Canyon. 

The  following  officers  for  the  ensuing  year  were 
elected :  President,  A.  N.  Johnson ;  vice-presidents,  G. 
E.  Taylor  and  A.  M.  Knowles ;  directors,  B.  W.  Matte- 
son,  W.  S.  Boyle,  W.  M.  Peyton,  C.  A.  Poole,  F.  C. 
Shepherd . 

PERSONAL  MENTION 

p.  S.  Altman  has  been  appointed  district  engineer 
of  the  Portland  Cement  Association  in  charge  of  the 
Minneapolis  office  to  succeed  W.  E.  Hart  who  has  been 
transferred  to  the  general  office  as  manager  of  the 
structural  bureau.  Mr.  Altman  has  been  connected 
with  the  association  for  the  past  2J4  years  and  prior 
to  that  time  was  in  the  corps  of  engineers,  U.  S.  Army, 
and  city  engineer,  Atchison,  Kansas. 

John  B.  Hunter,  city  engineer  of  Denver,  Col.,  has 
resigned  on  account  of  ill  health  after  serving  43  years 
in  the  city  engineering  department. 

L.  S.  Trainor  has  been  appointed  district  engineer 
in  charge  of  the  Illinois  district  of  the  Portland  Cement 
Association  to  succeed  C.  M.  Powell,  resigned.  The 
district  office  is  located  in  the  Conway  Building,  Chi- 
cago, 111.  Before  he  joined  the  association  three  years 
ago,  Mr.  Trainor  was  county  superintendent  of  high- 
ways of  Marion  County  and  city  engineer  of  Centralia, 
111. 

Henry  G.  (Shirley,  County  Engineer  of  Baltimore 
County,  Maryland,  and  formerly  State  Highway  En- 
gineer of  Maryland,  has  been  appointed  cliairman  of 
the  new  highway  commission  of  Virginia.  A  native  of 
West  Virginia,  Mr.  Shirley  was  educated  in  private 
schools  and  received  the  degree  C.  E.  from  the  Vir- 
ginia Military  Institute  at  Lexington,  Va.  He  has 
been  connected  with  the  engineering  department  of  the 
New  York  Central  Railroad,  district  engineering  de- 
partment of  the  District  of  Columbia,  the  faculty  of 
the  Horner  School,  the  West  Virginia  Coal  and  Iron 
Extension  as  a,ssistant  engineer,  and  the  Baltimore  and 
Ohio  Railroad.  His  first  connection  with  road  work 
came  in  1904  when  he  became  roads  engineer  of  Balti- 
more County.  In  1912,  he  was  appointed  chief  en- 
gineer of  the  Maryland  State  Roads  Commission,  a 
position  which  he  held  for  six  years.  During  the 
war,  he  represented  the  American  Association  of  State 
Highway  Officials  on  the  Hij^hway  Transport  Commit- 
tee of  the  Council  of  National  Defense  and  later  be-j 
came  secretary  of  the  Federal  Highway  Council.  The] 
appointment  of  county  engineer  of  Baltimore  County] 
was  secured  after  the  Federal  Highway  Council  sus- 
pended its  activities. 
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The  Bates  Experimental  Road  Tests 

The  Third  of  the  Traffic  Runs  Conducted  by  the  Illinois  Division   of  Highways 

Completed  and    Results  Announced 


IS 


The  third  of  the  traffic  runs  to  be  conducted  on  the 
Bates  experimental  road  by  the  Illinois  Division  of 
Highways  was  completed  June  3  when  the  last  of  3,000 
applications  of  the  load  was  applied  to  the  pavements. 
The  details  of  the  first  run  appeared  in  the  issue  of 
April  26  and  of  the  second  in  the  issue  of  May  31.  The 
load  used  in  the  third  run  was  4,500  lb.  on  eacli  of 
the  rear  wheels  of  the  truck  and  2,000  lb.  on  each  of 
the  front  wheels.  The  same  trucks  were  used  in  this 
case  as  in  the  previous  runs.  The  increased  weight 
was  obtained  by  piling  brick  in  the  rear  of  the  bodies. 
The  load  was  applied  to  correspond  to  450  lb.  per  in. 
of  nominal  width  of  rear  tire  and  400  lb.  per  in.  of 
width  of  front  tire. 

As  in  the  second  run,  both  day  and  night  traffic  was 
imposed  upon  the  pavements.  Exactly  2,000  applica- 
tions of  the  load  were  given  the  sections  in  the  daytime 
and  1,000  applications  were  made  at  night  at  the  time 
when  the  most  extreme  curling  action  is  present.  The 
track  of  the  traffic  was  exactly  the  same  as  in  the 
last  of  the  previous  run,  the  trucks  traveling  with  the 
outside  edge  of  the  rear  wheel  2  ft.  6  in.  from  the 
north  side  of  the  pavement  and  at  the  extreme  edge 


on  the  south  side.  At  the  completion  of  the  day  ap- 
plications, it  was  noticed  that  the  first  five  sections, 
constnieted  of  bituminous  filled  brick  on  macadam 
bases  of  various  thicknesses,  were  broken  up  to  such 
an  extent  that  it  M'as  practically  impossible  for  the 
trucks  to  travel  at  their  as.signed  speed  of  12  mi.  per 
hour.  For  this  reason  a  turn-around  was  constructed 
at  section  5  and  no  further  traffic  was  imposed  on  the 
first  five  sections.  These  sections  will  be  left  in  tlie 
present  condition  until  the  tests  are  completed  in 
order  that  visitors  can  view  the  conditions  brought 
about. 

Between  14  and  16  trucks  have  been  used  under  the 
last  increment  of  load  and  the  number  of  applications 
made  during  the  day  and  night  has  increased  consid- 
erably over  that  obtained  in  previous  runs.  There 
were  as  many  as  400  applications  made  during  the  day 
runs  and  350  applications  at  night  during  the  last  tests. 

Third  Load  in  Terms  of  Tensile  Fibre  Strength 

A  load  of  4,500  lb.  applied  6  in.  from  the  corners  of  a 

4-in.  rigid  pavement  produces  a  tensile  fibre  strength  of 

up  to  650  lb.  or  approximately  100%  of  the  strength  of 

the  concrete  if  the  corners  are  considered  as  unsup- 
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ported  cantilevers.  Under  this  load  it  was  natural 
then  that  all  4-in  rigid  pavements  should  show  fail- 
ures. 

This  load  applied  in  like  manner  to  a  5-in.  rigid  pave- 
ment produces  a  tensile  fibre  strength  of  up  to  400  lb. 
or  approximately  65%  of  the  strength  of  the  concrete. 
As  this  stress  is  above  wliat  has  been  indicated  as  the 
critical  percentage  to  produce  fatigue  in  concrete,  it 
was  expected  that  failures  might  be  produced  tlirough 
fatigue  under  this  load. 

A  tensile  fibre  strength  of  up  to  300  lb.  results  in  the 
concrete  of  6-in.  rigid  pavements  under  this  load,  if 
applied  in  the  manner  stated  above. 

Comer  Failures  Under  4,500  lb.  Load 
Under  the  last  increment  of  load,  26  decisive  corner 
failures  resulted.  Of  this  number  12  occurred  during 
the  day  runs  and  14  at  night.  Three  corner  failures  de- 
veloped on  the  north  side  of  the  pavement  and  23  on 
the  south  side.  Only  one  failure  occurred  at  night  on 
the  north  side  of  the  pavement. 

More  Failures  at  Night 
It  is  to  be  noted  that  more  failures  occurred  at  niglit 
under  1,000  applications  of  load  than  occurred  during 
the  day  runs  with  2,000  applications.  This  in  itself  is 
indicative  to  a  conclusive  degree  that  the  curling  action 
of  the  pavements  makes  these  slabs  more  susceptible 
to  failure  at  niglit  than  at  any  other  time. 

Plans  for  a  Fourth  Traffic  Run 
The  next  increment  of  load  to  be  applied  will  be  such 
that  each  rear  wheel  of  the  trucks  will  carry  5,500  lb. 
and  each  of  the  front  wheels,  1,900  lb.    It  is  probable 
that  3,000  applications  of  this  load  will  be  made  .before 
the  next  increment  is  applied.     Present  plans  call  for 
the  running  of  1,000  applications  in  the  daytime,  1,000 
at  night,  and  a  final  1,000  in  the  daytime  again. 
Summary  of  Residts  of  Tests 
Sections  1  to  5,  inclusive,  bituminous  filled  brick  on 
a  macadam  base,  were  noted  as  continuous  and  com- 
plete failures  under  the  second  increment. 

The  next  six  sections  are  asphaltic  concrete  on  a  mac- 
adam base.    Section  6,  2-in.  Topeka  mix  top  course  on 
a  10-in.  macadam  base,  is  considered  to  have  reached  its 
maximum  carrying  capacity  under  the  4,.500  lb.  load. 
{Section  7,  2-in.  Topeka  top  on  an  8-in  macadam  base,  is 
^.  {not  considered  equal  to  this  third  increment  of  load. 
j\o  failures  were  reported  on  Section  8,  1.5-in  Topeka 
'  and  1.5-in.  binder  two  course  top  on  a  5-in.  base,  on 
]  the  first  two  traffic  runs  but  two  points  of  incipient  fail- 
ure appeared  on  the  third.    Section  9,  2-in.  Topeka  on 
ta  6-in.  base,  showed  six  points  of  incipient  failure  under 
the  second  increment  and  two  additional  points  under 
the  third.    Section  10,  2-in  Topeka  top  on  a  4-in.  Novac- 
ulite  base,  was  a  continuous  and  complete  failure  under 
the  first  increment  and  Section  11,  2-in.  Topeka  top  on  a 
4-in.  macadam  base,  failed  completely  under  the  third 
increment. 

No  additional  failures  appeared  on  the  12  asphaltie 
concrete  on  Portland  cement  concrete  base  sections  with 


the  exception  of  sections  13  and  14.  Tills  indicates 
that  corner  and  curb  cracks  noted  under  the  second  in- 
cremont  were  not  decisive  failures.  Section  13,  1.5  in. 
top  on  a  4-in  base,  showed  one  additional  crack  in  curb 
and  base  not  in  the  vicinity  of  any  joint  or  crack.  The 
previously  reported  curb  cracks  apparently  were  not 
serious.  Section  14,  2-in.  top  on  a  4-in.  base,  showed  one 
additional  crack  in  curb  and  base  not  in  the  vicinity  of 
a  transverse  crack  or  joint.  The  previously  reported 
curb  crack  and  corner  break  were  apparently  not  of  a 
serious  nature. 

The  behavior  of  the  14  sections  constructed  of  lug  and 
lugless  brick  with  bituminous  filler  on  a  Portland  ce- 
ment base  varied  greatly.  The  first  four  sections,  3-in. 
lug  or  lugless  brick  on  6.5  and  5.5  in.  base,  have  shown 
no  apparent  failures  to  date.  Sections  26A,  4-in.  lug 
brick  on  a  4-in.  base;  29A,  3-in.  lug  brick  on  a  4.5-in 
base;  30,  3-in.  lug  brick  on  a  3. 5-in.  base;  1-2-31/2  mix; 
and  32A,  3-in.  lug  brick  on  a  3.5-in.  base  1-3-5  mix,  ap- 
pear to  have  reached  their  limit  under  the  second  incre- 
ment. Section  26B,  4-in.  lugless  brick  on  4-in.  base, 
showed  one  additional  crack  in  curb  and  base  not  in 
the  vicinity  of  a  transverse  crack  or  joint.  Section  27, 
3-in.  lug  brick  on  4.5-in.  base  had  no  additional  failures 
but  a  previously  reported  corner  break  was  found  to  be 
decisive.  The  next  differed  from  section  27  only  in  the 
use  of  lugless  brick.  One  decisive  corner  break  was 
noted.  Section  29B,  similar  to  29A  except  for  the  use 
of  lugless  brick,  showed  no  additional  failure.  Sections 
31  and  32B,  the  lugless  brick  duplications  of  30  and  32A 
showed  no  additional  failures  and  tlic  behavior  of  the 
latter  seemed  to  indicate  that  it  had  not  yet  reached  its 
maximum  capacity. 

Sections  33  to  39,  inclusive,  are  brick,  constructed 
monolithic  or  semi-monolithic,  on  a  Portland  cement 
concrete  base.  The  first  section  was  reported  as  a  com- 
plete failure  under  the  first  increment.  Additional 
destruction  to  sections  34A  and  35  under  the  tliird  in- 
crement leaves  no  doubt  but  that  these  sections  failed 
decisively  under  the  second  increment.  The  load  carry- 
ing capacity  of  section  36  has  been  exceeded  by  the 
4,500  lb.  load.  Section  37  lias  approached  its  limit  al- 
though it  can  not  be  said  to  have  failed  decisively.  II 
is  not  until  we  come  to  the  combinations  of  4-in.  brick 
on  3-in  base  and  4-in.  brick  on  4-in.  base  that  we  find 
this  type  of  road  standing  up  to  the  traffic.  The  first 
type  shows  one  decisive  corner  failure  and  one  interior 
break  while  the  other  shows  four  breaks  in  tlie  brick 
surface  not  considered  decisive. 

The  remaining  26  sections  are  Portland  cement  con- 
crete varying  in  thickness  from  4  to  9  in.  The  sections 
from  40  to  54,  inclu.sive,  which  vary  from  9  to  5  in. 
with  crushed  limestone  as  coarsen  aggregate  show  no  ap- 
parent failure  to  date.  The  behavior  of  section  55,  5-in. 
concrete  using  gravel  as  coarse  aggregate,  indicates 
that  the  carrying  capacity  was  reached  under  the  sec- 
ond increment.  Section  56A,  5-in.  concrete,  crushed 
limestone  aggregate  with  4%  calcium  chloride  in  the 
mix,  failed  decisively  under  the  third  increment.    The 
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remaining  75  ft.  of  section  56  using  2J/o%  ealeium  chlor- 
ide showed  several  new  cracks  in  the  section  apparently 
not  decisive.  Section  57,  5-in.  in  thickner  s  using  Ce- 
mive  cement,  failed  decisively  under  the  pr'esent  load, 
ar  did  section  59  v.hich  is  4-in.  thick  using  the  same  kind 
of  cement.     Sections  60  to  62,  inclusive,  all  4-in.  in 


thickness  witli  various  special  features,  liave  failed  ixn- 
der  this  increment  of  load.  Section  58,  4-in.  concrete 
on  a  4-in.  rolled  stone  ba:e  course,  showed  one  comer 
faihire  in  addition  to  a  previously  broken  corner  but 
the  failures  are  not  considered  decisive.  The  last  two 
sections,  7-in.  in  thickness  show  no  apparent  failures. 


The  Effect  of  Initial  Pavement  Design  Upon 

Ultimate   Cost* 

Economic  Considerations  Evolved  in  the  Construction   of  Concrete  Highways 
With   and  Without   an   Asphalt  Surface-Determination    of    the 

Relative   Expense 

By   WALTER  E.   RO.SEX'GiUtTEXT 


Because  of  the  keen  competition  among  the  various 
types  of  pavement,  we  are  apt  to  lose  sight  of  their 
inter-relationship  and  to  regard  them  as  distinct  and 
independent  types.  A  moment's  reflection  makes  clear 
the  fallacy  of  such  an  impression.  Brick  pavements 
are  now  laid  with  asphalt  filler  and  there  are  develop- 
ments along  lines  of  asphaltic  base  and  cushion  so  that 
this  type  of  pavement  is  now  about  as  distinctly  an 
asplialt  pavement  as  are  asphalt  macadam,  asphaltic 
concrete  and  sheet  asphalt.  The  same  holds  true  in 
the  case  of  granite  block.  Portland  cement  concrete, 
it  is  true,  starts  with  only  the  bituminous  joints  but  it 
uses  a  bituminous  filler  for  cracks  and  there  are  few 
engineers  who  oppose  the  soundness  of  the  practice  of 
ultimately  surfacing  the  concrete  with  an  asphaltic 
top.  As  a  matter  of  fact,  few  engineers  disagree  with 
the  practice  of  resurfacing  any  type  of  pavement  con 
stltuting  a  stable  foundation  with  a  wearing  surface 
of  asphalt.  There  is  really,  then,  no  actual  antagonism 
between  asphalt  and  the  other  types  of  pavement.  This 
I  wish  to  make  clear  so  what  I  have  to  say  here  may 
stand  as  an  economic  presentation  free  from  commer- 
cial bias. 

Regarding  asphalt,  therefore,  as  an  important  fac- 
tor in  each  type  of  pavement  rather  than  as  a  type  dis- 
tinct and  apart,  it  is  pertinent  to  study  the  economics 
of  its  relationship  to  other  materials  and  to  types  with- 
out giving  any  great  weight  to  the  question  of  compe- 
tition. 

Just  now,  in  view  of  the  more  general  use  of  the 
plain  and  reinforced  Portland  cement  concrete  and  the 

I  asphalt  surfaced  highways  on  country  roads,  much 
prominence  is  being  given  to  the  question  as  to  whether 
it  is  more  economical  to  construct  a  Portland  cement 
concrete  pavement  and  delay  placing  the  asphalt  wear- 
ing surface  until  deterioration  of  the  pavement  renders 
it  necessary,  or  to  construct  the  complete  pavement  of 
concrete  base  and  asphalt  top  at  the  outset.     Mary- 

•Paper  pre.sented  at  the  State  Conference  of  Mayors  and 
City  Officials,   Poughkeepsie,   N.  Y.,  June  7,   1922. 

tTrafflc  Engineer,   T'lie  Asphalt  AssociaWon,  New  York. 
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land  has  followed  the  former  course  and  lias  obtained 
an  average  of  from  5  to  7  years  use  of  the  concrete  be- 
fore placing  an  asphalt  top  on  the  ol-d  pavement. 

Laying  aside  for  the  moment  all  consideration  save 
that  of  ultimate  cost  over  a  period  of  years,  say  40,  it 
cannot  fail  to  be  helpful  to  weigh  the  economic  results 
of  the  two  methods. 

Certain  factors  must  enter  into  such  a  consideration. 
These  are  (a)  first  cost  of  the  concrete  base,  the  asphalt 
top  and  the  complete  Portland  cement  concrete  pave- 
ment; (b)  interest  rate;  (c)  life  in  years  of  the  base, 
the  top  and  of  the  concrete  pavement  before  resurfac 
ing. 

Tn  any  specific  case,  we  have  the  actual  first  cost 
values,  thus  the  assumptions  open  to  controversy  are 
only  those  of  the  life  of  the  respective  portions  of  the 
pavement  under  (c).  Even  there  we  have  much  reli- 
able evidence  as  to  the  average  age  of  asphalt  pave- 
ments. The  1921  report  of  the  Engineer  Department 
of  the  District  of  Columbia  says  in  connection  with  its 
asphalt  pavements,  "that  some  of  the  streets  approxi- 
mate an  age  of  40  years  and  that  the  average  age  of 
those  we  have  resurfaced  in  recent  past  years  exceed 
25  years."  The  Department  of  Public  Works  of  Man- 
hattan Borough,  New  York  City,  has  advised  us  that 
they  find  the  average  age  of  their  asphalt  pavements  to 
the  time  of  resurfacing  to  be  18.2  years  including  the 
most  heavily  traveled  streets  open  to  truck  traffic.  The 
annual  report  of  the  Bureau  of  Engineering  of  the  City 
of  Buffalo  for  1919  gives  the  average  age  of  asphalt 
pavements  replaced  in  the  four  years  previous  at  24.47 
years.  We  have  been  advised  by  the  chairman  of  the 
Paving  Commission  of  Baltimore  that  the  average  ago 
of  asplialt  pavements  in  that  city  is  in  excess  of  25 
years. 

In  this  paper  I  have,  however,  assumed  a  life  of  only 
20  yeai-s  for  the  asphalt  top,  preferring  to  lean  to  the 
side  of  conservatism.  For  the  concrete  base,  whether 
it  be  laid  at  the  outset  as  a  base  or  used  as  a  wearing 
surface  and  later  as  a  base,  I  have  estimated  40  years. 
Tliis  may  be  too  liberal  in  view  of  the  possible  unsuit- 


336 


GOOD    ROADS 


June  21,  1922 


ability  of  the  concrete  pavement  as  a  base  after  deter- 
ioration. This  leaves  for  determination  the  period  of 
time  which  may  be  allowed  for  the  concrete  pavement 
laid  as  such  before  an  asphalt  top  becomes  necessary 
in  order  to  prevent  economic  loss.  As  I  have  already 
stated,  Maryland  has  found  this  period  to  lie  within 
about  7  years.  California  has  found  it  to  be  even  less. 
True  these  states  have  laid  pavements  of  leaner  mix 
and  lesser  thickness  than  other  states,  but  if  we  seek 
to  glean  facts  from  service  history,  we  must  turn  to 
those  pavemepts  which  have  been  down  long  enough  to 
yield  such  facts.  According  to  the  best  available  fig- 
ures, I  find  that  95%  of  all  the  Portland  cement  con- 
crete roads  in  this  country  today  are  less  than  7  years 
of  age  and  their  average  age  probably  not  more  than 
3  years.  Let  us  assume  that  within  reasonable  cost 
limits  the  concrete  pavement  will  go  7J/S  years'  average 
before  an  asplialt  top  is  required. 

Let  us  now  see  from  an  actual  cost  analysis  how  this 
works  out.  As  a  basis  for  comparison  it  may  be  con- 
sidered that  the  original  outlay  for  any  part  of  the 
construction  will  be  paid  off  by  equal  annual 
amounts  extending  over  the  life  of  the  improve- 
ment. This  annual  cost  can  be  found  readily  by 
consulting  standard  annuity  tables,  as  given  in 
Figure  1,  for  the  appropriate  rate  of  interest  and  the 
life  of  that  portion  of  the  pavement  under  considera- 
tion. By  this  annuity  method,  we  have  a  very  simple 
means  of  determining  the  relative  annual  and  also  the 
total  costs  for  various  types  of  construction.  Let  us 
take  as  a  specific  case,  a  concrete  road  7  in.  thick, 
1:2:4  mix.  which  costs  $2.50  per  sq.  yd.  After  71/2 
years,  it  is  surfaced  with  2  in.  of  asphaltic  concrete 
costing  $1.30  per  sq.  yd.  Compare  this  with  5  in.  of 
Portland  cement  concrete  base,  1 :8 :6  mix,  surfaced  at 
the  outset  with  2  in.  of  asphaltic  concrete  at  a  total 
cost  of  $2.80  per  sq.  yd.  The  life  of  tlie  Portland  ce- 
ment concrete  regarded  as  a  base  is  placed  at  40  years 
and  the  asphalt  wearing  surface  at  20  years. 

TABLE  1. 
ANNUAL  COST  REQUIRED  TO  RETIRE  A  $1.00  INVEST- 
JIBNT  WITH   IhTTERBSr  AT  VARIOUS  RATEJS 
Years  4%  5%  6% 


1 

1.04000 

1.05000 

1.06000 

2 

0.53019 

0.53780 

0.54543 

3 

0.36034 

0.36720 

0.37410 

4 

0.27549 

0.28201 

0.28859 

5 

0.22462 

0.23097 

0.23739 

6 

0.19076 

0.19701 

0.20336 

7 

0.16660 

0.17281 

0.17918 

8 

0.14852 

0.15472 

0.16103 

9 

0.13449 

0.14069 

0.14702 

10 

0.12329 

0.12950 

0.1358« 

12 

0.10655 

0.11282 

0.11927 

16 

0.08994 

0.09634 

0.10296 

20 

0.07358 

0.08024 

0.08718 

25 

0.06401 

0.07095 

0.07822 

30 

0.05783 

0.06505 

0.07264 

36 

0.05357 

0.06107 

0.06897 

40 

0.05052 

0.0582r7 

0.06646 

The  annual  cost  as  well  as  the  total  cost  of  the  vari- 
ous portions  of  the  pavements  included  in  this  discus- 
sion are  obtained  from  the  annuity  table  in  Fig.  1  in 
the  following  manner.  Take  for  example  the  Portland 
cement  concrete  pavement  costing  $2.50  per  sq.  yd. 


used  first  as  a  pavement  and  later  as  a  base  for  a  com- 
bined period  of  40  years  and,  if  we  assume  an  interest 
rate  of  5%  on  the  investment,  we  find  from  the  annuity 
table  tliat  an  expenditure  of  $1.00  can  be  paid  off  over 
a  40-year  period  by  annual  payments  of  $.0583.  An 
expenditure  of  $2.50  would  therefore  require  annual 
payments  of  2.5  times  $.0583  or  $.1457.  This  would 
make  a  total  in  40  years  of  $5.8278  per  sq.  yd.  Similar 
costs  for  the  other  portions  of  the  pavements  are  as 
follows : 

Total  cost 
First    Interest  Life  Annual  cost      per.   sq.   yd 
Type  cost         rate      yrs.      per.  sq.  yd.   Yrs.  Amt. 

A  $2.50        8%        40        $0.1457        40  $5.8278 

B  $1.30        5%        20        $0.1043      ^^^'-^         $4'i720 

C  $1.50        5%        40        $0.0874        40  $3^4967 

Type    A — Portland    cement    concrete    pavement   used   aa    a. 
Ibase    after    7  ^    yeairs. 
B — Asphaltic  surface. 
C — 'Portland   cement  concrete  (base. 

Taking  a  period  of  40  years  for  comparing  these  two 
methods  of  construction,  since  this  is  the  estimated  life 
of  the  base,  we  find  the  total  cost  of  the  Portland  ce- 
ment concrete  pavement  surfaced  after  714  years  with 
asphalt,  to  be  $5.8278  plus  $0.1043  times  32^  years  or 
$9.2175,  while  on  the  other  hand  the  total  cost  of  Port- 
land cement  concrete  base  surfaced  originally  with 
asphalt  is  $3.4967  plus  $0.1043  times  40  years  or 
$7.6687. 

From  this  we  see  that  there  is  a  saving  by  construct- 
ing the  road  originally  with  an  asphalt  surface  on  a 
concrete  base  of  $1.5488  per  sq.  yd.  Thus  the  cost  is 
20.2%  greater  when  the  placing  of  an  asphalt  surface  is 
delayed  than  when  it  is  made  part  of  the  initial  con- 
struction. 

Now  to  give  you  the  benefit  of  variations  in  the  fac- 
tors, let  us  first  show  a  variation  in  design.  The  first 
charts  show  a  7-in  1:2:4  Portland  cement  concrete 
pavement  costing  $2.50  per  sq.  yd.  resurfaced  after  7JS^ 
years  with  a  2  in.  asphaltic  course  costing  $1.30  per 
sq.  yd.  compared  with  a  5-in.  1:3:6  concrete  base 
surfaced  with  2  in.  of  asphalt  costing  $2.80  per  sq.  yd. 

Let  us  compare  an  8-in.  l-.V/z-.S  Portland  cement 
concrete  pavement  costing  $3.00  per  sq.  yd.  surfaced 
after  10  years  with  3  in.  of  sheet  asphalt  costing  $1.50 
per  sq.  yd.  with  a  6-in.  1:3:6  concrete  base  surfaced 
with  3  in.  of  sheet  asphalt  costing  $3.00  per  sq.  yd. 
The  annual  and  total  costs  under  these  conditions  are 
as  follows : 

First    Interest  Life  Annuia.1  cost       Total  cost 
Tyipe  cost         rate      yrs.      per.  sti.  yd.       per.   sq.   yd. 

Yrs.  Amt. 

A  $3.00        5%        40        $0.1748        40  $6,992 

B  $1.50        5%        40        $0.0874        40  $3,496 

C  $1.50        5%        20        $0.1204     ^^^^  ^'^l^ 

Type  A— 8  in.   1:1%  :3   P.  C.  C.  pavement.  '   . 

B — 6   in.    1:3:6   P.   C.  C.    base. 
C — 3   in.  sheet  asphalt  surface. 

Thus  we  have  for  the  total  costs  Portland  cement 
concrete  pavement  $6,992  plus  an  asphalt  surface  for 
30  years  costing  $3,612  or  a  total  of  $10,604,  as  com- 
pared with  the  Portland  cement  concrete  base  $3,496 
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plus  an  asphalt  surface  for  40  years,  $4,816  or  $8,312 
differential  of  $2,292  or  27i/^%  in  favor  of  the  pave- 
ment surfaced  with  asphalt  at  the  outset. 
Next  let  us  see  what  a  variation  in  costs  will  yield. 
You  may  have  a  problem  with  different  first  costs 
from  those  assumed.  Turning  back  to  the  first  problem 
and  assuming  as  before  the  life  of  the  Portland  cement 
concrete  as  a  base  to  be  40  years,  the  life  of  the  asphalt 
surface  as  20  years  and  the  time  for  surfacing  the 
Portland  cement  concrete  pavement  as  7J^  years,  we 
have  by  reference  to  the  annuity  table  the  following 
relation : 

Let   C    =   the   first  cost  per   sq.   yd.    of   the   Portland   ce- 
ment concrete   pavement. 
K    =    the    first   cost   per   sq.    yd.    of    the    Portland    ce- 
ment  concrete   base. 
A  =  the  first  cost  per  sq.  yd.  of  the  asphalt  surface. 
Pip  =  the    annual    payment    for    a    first   cost    of    |1.00 
obtained   from  the  annuity  table  far  the  appropri- 
ate period,  p. 
Total  cost  P.  C.  'C.   pave.  surf,  after  10   yrs. 

=P40X40XC+P20X32%XA 

=  2.332€  +  2.607A (1) 

Total    cost    P.    C.    C.    base    asphalt   surface 

-P40X40XK+P20X4aXA 

=  2.332K-I-3.208A (2) 

Let   us   make   a  variation   of   20  ct.   each  way   from  the 
first   costs   assumed   of   $1.50   for  the   concrete   base    and 
$1.30    for  the   asphalt   surface.      Substitute  in   the    above 
formula,   we    have: 
When  C  =  $2.50;  K  =  $1.70;  A  =  $1.10 

(1) 2.332X$2.50  +  2.607X1.10   -   $8,698 

(2) 2. 332X$1. 70-1-3. 208X1. 10   =   $7,493 


showing  a  total  increase  of   $1,205  or   16%    when 
the   asphalt  surface  is  delayed. 
WhenC  =  $2.50;    K  =  $1.30;   A=    $1.50 
(1)  ..  .2.332X$2. 50  +  2. 607X11.50   =   $9,740 
(2).  .  .2.332X$1.30-|-3.208X$1.50   =    $7,843 


showing  a  total  increase  of  $1,897    or    24%  when 
the    asphalt    surface    is    delayed. 

To  view  this  from  still  another  angle,  let  us  find  how 
much  we  are  justified  in  paying  for  the  Portland  ce- 
ment concrete  pavement  over  and  above  the  cost  of  a 
Portland  cement  concrete  base  if  the  pavement  will 
give  service  unprotected  for  7^  years.  The  difference 
in  total  cost  in  the  first  problem  was  $1.5488.  This 
represents  an  initial  payment  40  years  previously  of 
$.665  obtained  by  dividing  the  $1.5488  by  2.3311.  The 
last  figure  is  arrived  at  by  taking  the  appropriate  figure 
in  the  annuity  table  which  is  then  multiplied  by  40  to 
get  the  aggregate  cost  of  a  $1.00  investment  over  a 
40  year  period.  This  indicates  that  the  initial  cost 
of  the  Portland  cement  concrete  pavement  of  $2.50 
must  be  reduced  by  $.66  giving  $1.84.  We  therefore 
find  that  we  can  pay  but  34  et.  per  sq.  yd.  more  for  a 
first  class  Portland  cement  concrete  pavement  than  for 
a  Portland  cement  concrete  base  to  be  used  under  an 
asphalt  surface,  or  a  difference  of  no  more  than  one- 
third  than  now  prevailing  in  actual  construction  prac- 
tice. 

Let  me  again  emphasize  my  opening  statement  that 
the  whole  purpose  of  this  paper  is  to  analyze  cost  of 
the  two  methods  from  a  strictly  economic  standpoint. 
There  are  many  factors  such  as  ease  of  traction,  ap- 
pearance, noiselessness,  etc.,  which  the  engineer  will 
consider  other  than  that  of  cost  and  each  of  them  would 


serve  as  a  subject  in  itself  for  a  paper  but  I  feel  that 
in  the  interest  of  clear  thinking  and  sound  practice 
this  one  very  important  consideration  should  be  stud- 
ied exhaustively  on  its  own  merits.  One  factor  which 
might  seem  to  have  a  place  in  this  discussion. is  that  of 
maintenance  but  that  it  is  not  material  to  the  discus- 
sion I  can  easily  show  you.  As  the  Portland  cement 
concrete  in  the  examples  cited  is  covered  with  asphalt 
32y2  years  of  the  40  years  or  in  any  event  over  the 
major  portion  of  the  period  the  difference  in  mainte- 
nance cost  would  be  only  for  the  portion  during  which 
the  concrete  was  serving  as  a  pavement  and  this  dif- 
ference would  be  spread  over  the  entire  40  years.  You 
can  see  therefore  that  the  difference  in  maintenance 
costs  between  the  two  methods  would  be  at  most  no 
more  than  a  fraction  of  a  cent  per  yd.  either  way  and 
would  not  materially  affect  the  totals. 

Finally,  I  am  only  stating  a  truism  when  I  say  that 
unless  a  proposition  is  fundamentally  sound  it  must 
ultimately  fail.  We  merely  deceive  ourselves  when 
we  try  to  believe  that  which  we  want  to  belieje  re- 
gardless of  its  fundamental  soundness.  I  am  therefore 
earnestly  putting  this  before  you  as  an  economic  ques- 
tion and  asking  you  ^o  subject  it  to  every  test  as  a 
condition  to  accepting  it  as  a  guide. 


CALIFORNIA  OBTAINS  CONVICTIONS 

FOR  OVERLOADINQ 

Trucks  using  the  state  and  county  highways  of  Cali- 
fornia are  limited  to  a  gross  load  of  30,000  lb.  From 
March  1  to  May  1  the  inspectors  of  the  state  highway 
commission  inspected  277  trucks  and  found  27  violat- 
ing this  limit.  On  the  basis  of  weight  per  in.  of  tire, 
111  or  40%  were  found  to  be  overloaded  and  35  or 
12  2-3%  were  using  too  thin  tires.  Fifty-one  convic- 
tions were  obtained  and  104  overloads  were  adjusted  or 
removed. 


VIRGINIA  TO  TRY  FORCE 

Danger  signs,  warning  bells  and  wide-spread  educa- 
tional campaigns  have  all  failed  to  make  motorists 
careful  at  grade  crossings  and  Virginia  under  a  recent 
enactment  proposes  to  see  if  recklessness  can  be  stopped 
by  law.  The  new  law  provides  that  the  drivers  of  all 
vehicles,  on  approaching  a  grade  crossing  outside  of 
the  corporate  limits  of  any  town,  must  come  to  a  full 
stop  "not  less  than  10  ft.  or  more  than  100  ft.  from 
the  nearest  rail."    The  penalty  is  a  fine  of  $10. 


GROUND  BROKEN  FOR  NEW  TUNNEL 

While  the  Jersey  City  Chamber  of  Commerce  was 
planning  a  celebration  for  the  breaking  of  ground  for 
the  New  York  and  New  Jersey  vehicular  tunnel,  engin- 
eers representing  the  New  York  and  New  Jersey  Bridge 
and  Tunnel  Commission,  the  Erie  Railroad,  and  Booth  & 
Flinn,  L'td.  went  quietly  to  the  Erie  yards  in  Jersey 
City  on  May  31  and  opened  the  ground  for  the  project. 
Clifford  M.  Holland,  Chief  Engineer  of  the  tunnel  com- 
mission, turned  over  the  first  shovelful  of  earth. 
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THREE  YEAR  FEDERAL  AID 

PROGRAM  FOR  ROAD  CONSTRUCTION 

In  accordance  with  the  pro\-isions  of  a  bill  jost 
signed  by  the  President,  federal  aid  for  road  construc- 
tion will  be  continued  throughout  the  three  fiscal  years 
ending  June  30,  1925,  approximately  fifty  millions  of 
dollars  having  been  authorized  for  the  work  during  the 
coming  twelve  months,  with  $65,000,000  and  $75,000,000 
respectively  appropriated  for  each  of  the  two  succeed- 
ing fiscal  years.  In  addition,  $6,500,000  is  authorized 
for  forest  roads  for  each  of  the  two  fiscal  years  be- 
ginning July  1,  1923,  and  July  1,  1924.  The  funds 
will  be  a'dministered  by  the  Secretary  of  Agriculture 
through  the  Bureau  of  Public  Roads. 

The  approximate  apportionment  for  each  of  the 
various  states  is  as  follows : 

Alabama     $1,035,614 

Arizona     702,188 

Arkansas     836,095 

California      1,641,399 

Colorado 894,117 

Connecticut     320,599 

Delaware     243,750 

Florida    591,217 

Georgia     1,331,972 

Idaho     625,691 

Ullnols     2,164,187 

Indiana      1,305,406 

Iowa    1,401,915 

Kansas 1,401,521 

Kemtucky    944,786 

Louiadana    664,660 

Maine    463,440 

Maryland     ,427,086 

Massachusetts     730,784 

Michigan     1,499,688 

Minoesota 1,415,731 

Mississippi 863,271 

Missouri    1,632,086 

Montana    1,031,257 

Nebraska     1,054,126 

Nevada 635,624 

New  Hampshire 243,750 

New  Jersey    628,581 

New   Mexico    793,216 

tiem   York    2,464,299 

North   Carolina    1,139,556 

North   Dakota    776,476 

Ohio     1,882,003 

Oklahoma   1,168,226 

Oregon    788,443 

Pefonsylvania    2,265,969 

Rhode    Island     243,750 

South   Carolina    707,492 

South  Dakota 802,707 

Tennessee 1,098,461 

Texas    2,950,115 

Utah    561,278 

Vermont    24  3,750 

VirginU    971,219 

Washington 735,806 

West    Via-glnia     534,906 

Wisconsin    1,263,211 

Wyoming 623,078 

Total     $48,750,000 

These  funds  must  be  matched  by  the  states  and  will 
be  administered  subject  to  the  general  provisions  al- 
ready in  force. 

The  new  legislation  reduces  the  maximum  participa- 
tion on  the  part  of  the  government  from  $20,000  to 
$16,250  per  mi.  for  roads  constructed  with  the  appro- 
priation for  the  next  fiscal  year,  and  $15,000  per  mi. 
thereafter.    Bridges  over  20  ft.  in  span  may  be  con- 


sidered as  separate  projects  to  which  this  limitation 
does  not  apply.  In  states  where  more  than  5  per  cent 
of  the  area  is  unappropriated  public  land,  provision  is 
made  for  an  increase  in  the  amount  per  mi.  The  act 
also  provides  for  the  extension  of  federal  aid  to  the 
constraction  of  structures  required  for  the  elimination 
of  railroad  grade  crossings. 

Important  provisions  of  previous  acts  under  which 
large  funds  have  been  successfully  administered  are 
applicable  to  the  new  funds.  States  must  maintain 
adequate  highway  departments.  Funds  to  match  fed- 
eral aid  must  be  placed  under  the  direct  control  of  the 
state  highway  department.  The  type  of  surface  con- 
structed must  be  adequate  for  the  traffic  anticipated, 
with  reasonable  grades,  curves,  and  other  features. 
States  must  obligate  themselves  to  maintain  all  federal- 
aid  roads  constructed,  and  in  case  this  is  not  done  any 
federal  funds  available  for  new  projects  may  be  with- 
held until  they  are  put  into  satisfactory  condition. 
All  federal-aid  funds  must  be  spent  on  a  connected 
system  of  roads  consisting  of  not  more  than  7  per 
cent  of  the  total  mileage  in  each  state  and  divided  into 
primary  or  interstate  roads  and  secondary  or  inter- 
county  roads. 

Plans  for  the  proposed  system  have  been  received 
by  the  Bureau  of  Public  Roads  from  all  but  eight 
states,  and  the  state  systems  are  being  co-ordinated  so 
that  when  joined  together  they  will  serve  the  best  in- 
terests of  the  whole  country.  In  the  meantime  only 
projects  certain  to  be  on  the  proposed  system  are  being 
approved. 


LOWER  PRICES  FOR  VARIOUS 

HIGHWAY  MATERIALS  REPORTED 

A  considerably  lower  level  of  prices  for  tlie  various 
items  entering  into  highway  construction  is  reported 
by  the  U.  S.  Bureau  of  Public  Roads.  This  conclusion 
is  based  on  the  following  prices  by  successful  bidders 
on  federal-aid  roads  during  April  and  are  averaged 
for  the  whole  of  the  United  States.  Some  of  the  fig- 
ures cover  a  large  volume  of  work  well  distributed 
over  the  country,  while  others  are  based  either  on 
small  volumes  or  scattering  reports. 

The  figures  which  cover  the  cost  in  place  are  as  fol- 
lows :  earth  excavation,  common,  33  ct.  a  cu.  yd. ;  rock 
excavation,  $1.26  a  eu.  yd. ;  gravel,  $1.44  a  cu.  yd. ; 
sand-clay,  45  ct.  a  cu.  yd.;  crushed  stone,  $3.42  a  cu. 
yd. ;  structural  concrete  of  various  classes  range  from 
$14  to  $21.20  a  cu.  yd.  For  surfacing  the  following 
are  the  prices  by  the  sq.  yd. :  gravel,  40  ct. ;  surface- 
treated  macadam,  50  ct. ;  bituminous  macadam,  $1.06; 
bituminous  concrete,  $1.97 ;  plain  cement  concrete, 
$2.17 ;  reinforced  cement  concrete,  $2.54 ;  and  brick, 
$3.70.  Reinforcing  steel  has  cost  $0,053  a  lb.  and  struc- 
tural steel  $0,059  a  lb.  Cement  has  been  furnished  to 
contractors  by  the  following  states  at  the  prices  given 
by  the  barrel:  New  York,  $1.73;  Wisconsin,  $1.94;  and 
Arkansas,  $2.70. 
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A  STORY  WITH  A  MORAL 

Several  years  ago,  a  certain  highway  engineer  was 
sent  out  to  take  charge  of  a  $1,000,000  state  road  con- 
struction job.  As  the  work  would  stretch  over  an  in- 
definite period,  he  chose  to  make  his  home  in  a  small 
city  near  the  work.  In  his  hunt  for  temporary  lodgings, 
he  was  asked  by  one  landlady  what  his  business  was. 
When  he  replied  that  he  was  an  engineer,  he  was  con- 
fronted with  the  question  as  to  whether  he  worked  for 
the  New  York  Central  Railroad  or  the  West  Shore.  His 
explanation  that  he  was  to  work  on  the  new  road  prob- 
ably left  the  impression  that  he  was  to  run  a  steam 
shovel  or  a  locomotive  crane,  but  he  considered  the 
question  rather  amusing  and  did  not  think  it  worth 
while  to  explain  to  the  lady  the  difference  between  a 
civil  engineer  and  a  locomotive  engineer  in  such  a  way 
as  to  impress  her  with  his  importance. 

The  engineer  in  charge  of  this  contract  made  his  home 
in  or  near  that  city  for  seven  or  eight  years  and  com- 
pleted the  job  which  was  one  of  the  great  engineering 
feats  of  its  kind  in  the  world,  but  nobody  ever  found 
out  about  him.  The  people  who  were  interested  enough 
to  watch  the  progress  of  the  work  did  not  know  the 
name  of  the  chief  engineer  and  the  people  who  knew  him 
personally  had  no  very  clear  conception  of  what  he 
really  did  on  the  work.  The  Kiwanis  and  Rotary  Clubs 
became  interested  in  the  project  and  wanted  to  hear 
about  it.  By  that  time,  the  contractor  had  become 
known  to  the  business  men  of  the  city  and  they  invited 
him  to  speak  to  them.  The  engineer  was  better  fitted 
in  every  way  to  give  them  the  facts  they  wanted. 


Finally,  the  work  neared  completion  and  plans  were 
formed  for  an  opening  celebration.  At  a  meeting  to 
discuss  these  plans  with  the  local  committees,  the  state 
highway  commissioner  referred  to  the  man  who  had 
put  the  road  through  as,  "an  employee  of  the  depart- 
ment who  has  been  in  touch  with  the  work  from  the 
start."  No  mention  of  the  engineer's  name  was  made 
and  he  was  not  present  at  the  meeting.  By  the  time 
the  celebration  is  held,  he  will  probably  have  been  trans- 
ferred to  a  new  job  and  will  not  be  able  to  be  present  at 
that  either.  Meanwhile,  the  commissioner  and  all  the 
other  politicians  in  the  state,  who  by  any  stretch  of  the 
imagination  can  scrape  up  a  connection  with  the  buUd- 
ing  of  the  road,  wUl  get  all  the  publicity. 

There  is  a  moral  in  this  tale  for  engineers  and  it  is  not 
very  hard  to  find.  Don't  work  so  hard  that  you  have 
no  time  to  take  part  in  the  civic  life  about  you.  Don't 
let  yourself  be  pushed  into  the  background  of  the  pic- 
ture. Remember  that  the  taxpayer  is  your  employer 
and  try  to  impress  him  with  your  importance.  Take  a 
lesson  from  the  politician.  Get  all  the  publicity  you  can. 
The  engineer  of  the  story  had  a  great  responsibility  and 
he  was  sadly  underpaid.    Why? 


ROAD  TESTS  IN  ILLINOIS 

The  tests  of  the  Bates  experimental  road,  the  results 
of  which  are  summarized  elsewhere  in  this  issue,  are 
carried  on  by  the  Illinois  Division  of  Highways  with 
the  cooperation  of  the  U.  S.  Bureau  of  Public  Roads. 
Valuable  as  the  results  of  these  tests  will  be  to  road 
designers  and  builders  all  over  the  world,  the  differ- 
ence in  soil  and  climatic  conditions  in  various  localities 
make  it  necessary  for  other  similar  tests  to  be  con- 
ducted under  different  conditions.  The  action  of  the 
Illinois  Division  of  Highways  in  carrying  out  these 
tests  should  be  an  example  for  the  other  state  liighway 
departments  to  follow.  The  Bureau  of  Public  Roads 
recognizes  the  importance  of  research  and  experimen- 
tation and  its  cooperation  is  assured.  Not  that  the 
destruction  of  test  roads  should  be  attempted  by  the 
other  states  on  the  scale  of  the  Illinois  tests,  but  each 
highway  department  should  have  a  research  division  to 
carry  on  field  and  laboratory  experiments.  Through 
the  cooperatioia  of  the  federal  bureau,  or  some  othei- 
central  agency,  the  work  could  be  mapped  out  to  pr3- 
vent  duplication  and  the  results  collected  and  put  into 
the  most  advantageous  form.  There  is  need  for  some 
such  country-wide  research  organization  and  the  mat- 
ter merits  the  attention  of  the  executives  at  the  heads 
of  the  state  highway  departments. 

^ 


The  U.  S.  Civil  Service  Commission  has  announced  a 
competitive  examination  for  highway  bridge  engineer  in 
the  Bureau  of  Public  Roads  at  a  salary  of  $1,800  to 
$2,100  a  year.  Applications  must  be  filed  with  the  com- 
mission before  the  closing  of  business  on  June  27. 
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MEETINGS 


Calendar  ol  Coming  Meetings 

June  21-22 — ^American  Society  of  Civil  Engineers- 
Annual  convention,  Portsmouth,  N.  H. 

June  26-JTily  1— American  Society  for  Testing  Mate- 
rials— ^Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineers'  Club  Bldg.,  Phila- 
delphia, Pa. 

Aug.  9-10 — Custer  Battlefield  Highway  Association 
— ^Annual  meeting,  Sheridan,  Wyo.  Secretary,  W.  D. 
Basher,  Sheridan,  "Wyo. 

Oct.  2-6 — American  Society  for  Municipal  Improve- 
ments— ^Annual  convention,  Cleveland,  0.  Secretary, 
Charles  Carroll  Bro\vn,  St.  Petersburg,  Fla. 


AMERICAN  ROAD  BUILDERS 

ELECT  WASSER  PRESIDENT 

The  deadlock,  which  resulted  from  a  tie  vote  for  the 
office  of  president  of  the  American  Road  Builders  As- 
sociation at  the  annual  meeting.  May  15,  was  broken 
at  an  adjourned  session  of  that  meeting  held  in  New 
York  June  15,  when  the  board  of  directors  retired 
during  a  recess  and  elected  Thomas  J.  Wasser,  State 
Highway  Engineer  of  New  Jersey,  to  the  ofiice. 

The  adjourned  meeting  opened  with  about  fifty  mem- 
bers present  and,  on  recommendation  of  the  director- 
ate, voted  to  declare  illegal  the  election  of  the  seven 
members  of  the  board  of  directors,  whose  election  was 
announced  May  15,  on  the  ground  that  the  nominating 
committee  had  not  notified  the  secretary  of  its  choice 
60  days  before  the  annual  meeting  and  further  that  the 
secretary  had  failed  to  mail  out  the  letter  ballots  30 
days  before  the  election  was  to  take  place,  as  provided 
for  in  the  constitution  and  by-laws.  After  such  action 
the  seven  members  whose  terms  expire  in  1922  were 
restored  to  membership  on  the  board  until  such  time 
88  their  successors  can  be  legally  elected,  and  were 
qualified  to  vote  for  president. 

An  announcement  was  made  that  the  board  of  direc- 
tors, in  a  meeting  subsequent  to  the  meeting  of  may 
15,  had  adopted  an  amendment  to  the  constitution 
which  provided  for  a  meeting  of  the  board  to  hold  an 
election  for  any  ofiice  in  which  a  vacancy  might  occur. 
Under  the  provisions  of  this  amendment  the  board  re- 
tired during  a  recess  of  the  meeting  and,  after  an 
hour's  deliberation,  returned  to  announce  the  result  of 
the  balloting.  Of  the  27  votes  cast,  15  were  received 
by  Mr.  Wasser  and  12  went  to  other  candidates. 

While  the  tie  vote  of  May  15  indicated  a  rivalry  be- 
tween two  factions  of  the  organization  and  the  discus- 
sions at  the  recent  meeting  were  acrimonious  and  spir- 
ited, the  election  of  Mr.  Wasser  was  the  signal  for 


the  burying  of  the  hatchet.  The  new  president  took 
the  chair  and  spoke  briefly  to  state  his  policies  for  the 
year  and  his  hope  for  unity  and  cooperation.  Vari- 
ous members  spoke  from  the  floor  and  a~ssured  the 
president  and  the  meeting  that  all  past  grievances 
were  already  forgotten  and  that  all  would  work  to- 
gether for  a  bigger  and  better  organization.  The  meet- 
ing adjourned  in  a  spirit  of  complete  hannony  and 
accord.  

ROAD  OFFICIALS  AID  IN  ORGANIZING 

AMERICAN  CONSTRUCTION  COUNCIL 

Among  the  prominent  speakers  at  the  organization 
meeting  of  the  American  Construction  Council  held  in 
the  Hotel  Washington,  Washington,  D.  C,  attended  by 
two  hundred  representatives  of  the  ten  major  groups 
of  industries  which  compose  the  whole  construction  in- 
dustry, was  Thomas  H.  MacDonald,  Chief  of  the  Bureau 
of  Public  Roads,  who  emphasized  the  relationship  of 
highway  building  to  the  whole  construction  industry. 
He  said: 

"The  Bureau  of  Public  Roads  and  officials  of  state 
highway  departments  must  study  first,  last  and  all  the 
time  the  interests  of  the  public. 

"The  entire  highway  program  of  the  United  States 
is  under  the  administrative  control  of  public  officers. 
Therefore  these  men  are  not  at  liberty  always  to  act  as 
they  would  if  they  were  occupying  a  private  position, 
but  are  actuated  and  governed  by  the  laws  which  have 
been  established  by  the  public  to  guide  and  control 
their  actions. 

The  passage  of  the  federal  aid  highway  acts  stimu- 
lated roadbuilding  in  the  United  States  so  that  it  has 
grown  into  what  we  may  call  a  major  industry.  But 
the  very  big  nature,  the  very  fundamental  of  the  fed- 
eral aid  highway  acts  has  been  the  cooperation  expect- 
ed through  them  between  the  federal  government  and 
the  states.  Since  1916  the  states  and  the  federal  gov- 
ernment have  been  working  out  their  problems  of  co- 
operation, and  I  believe  they  have  their  major  prob- 
lems pretty  well  settled.  That  leaves  tliat  industry 
organized  in  such  a  way  that  it  can  cooperate  with  any 
major  construction  council  that  may  be  set  up  to  solve 
the  large  construction  problems  in  the  interest  of  the 
public. 

"The  highway  commission  is  willing  to  cooperate, 
and  is  organized  to  fill  any  opening  and  to  fall  into 
step  without  practicing  marching  order  very  much." 

An  address  which  emphasized  the  importance  of  co- 
ordination was  made  by  Frederick  L.  Cranford,  of 
New  York,  vice-president  of  the  Associated  General 
Contractors  of  America.    He  said : 

"For  forty  years  American  business  has  been  pass- 
ing through  a  transformation  from  individualistic  to 
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collective  and  cooperative  activity,  but  the  coopera- 
tion so  far  developed  in  construction  has  proved  inef- 
fective. Our  exerience  of  the  last  few  years  indicates 
clearly  the  road,  which  is  the  cooperation  of  all  the  ele- 
ments of  construction,  because  collectively  our  inter- 
ests are  and  must  be  imselfsh. 

"There  can  be  no  more  difficult  industry  to  coordi- 
nate and  none  with  a  larger  number  of  its  members 
pure  individualists,  but  the  coordination  of  no  other 
industry  is  so  important  to  the  well  being  and  pros- 
perity of  our  people,  for  we  are  the  agents  through 
whom  the  nation's  natural,  material,  economic  and  ar- 
tistic resources  are  built  and  developed." 

The  meeting  was  opened  by  Secretary  of  Commerce 
Hoover,  who  declared  that  "if  we  would  stem  the 
tide  tending  to  refer  every  little  need  and  complaint 
to  the  government,  action  to  meet  these  demands  must 
arise  from  within  industry  itself." 

A  warning  against  "an  intense  stratification  of  the 
various  economic  interests  in  our  national  life"  which 
leads  to  selfish  aims  and  pvirposes  was  sounded  by 
Willis  H.  Booth,  vice-president  of  the  Guaranty  Trust 
Company  of  New  York,  who  followed  Secretary 
Hoover. 

Franklin  D.  Roosevelt,  formerly  Assistant  Secretary 
of  the  Navy,  was  elected  president  of  the  council  at 
the  close  of  the  two-days'  session. 
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MOTOR  BUSSES  ON  HIGHWAYS  AND 

THEIR  RELATION  TO  RAIL  LINES 

Motor  trucks,  motor  busses  and  highways  were  dis- 
cussed by  Zenas  W.  Carter,  of  tlie  White  Motor  Trucks 
Company,  in  an  address  made  recently  before  the 
Central  Electric  Railway  Association,  aboard  the 
steamer  "South  American,"  on  the  Great  Lakes.  The 
interest  of  the  electric  railways  in  the  development  of 
the  motor  truck  and  motor  business  on  the  public  high- 
ways was  emphasized,  the  topic  being  a  specially  timely 
one  in  view  of  the  steadily  increasing  competition  be- 
tween the  former  and  the  latter. 

The  speaker  pointed  out  that  "the  electric  railway 
operator  finds  his  attention  more  and  more  upon  the 
problem  of  co-ordinating  motor  trucks  and  motor 
busses  with  his  electrical  operation."  The  question  of 
the  economy  of  motor  trucks  and  motor  busses  when 
used  by  electric  railway  companies,  he  said,  "has  too 
many  factors  for  anyone  to  offer  more  than  a  statement 
of  .some  of  the  operations  already  under  way.  For  in- 
stance, six  months  ago  an  officer  of  one  of  the  Ohio 
electric  railway  companies  made  the  statement  that 
they  were  not  interested  in  motor  busses.  At  the  pres- 
ent time  this  company  has  determined  that  it  will  be 
economical  for  them  to  purchase,  and  their  order  has 
been  placed  for  five  special  motor  busses.  These  are 
to  be  operated  on  highways  paralleling  their  present 
lines. ' ' 

Further  evidence  of  the  manner  in  which  the  high- 
way has  entered  into  competition  with  the  railway  in 


the  matter  of  transportation  is  found  in  the  statement 
that  "if  they  had  not  initiated  bus  operation  covering 
the  territory,  someone  else  would  have  started  this 
service.  Their  franchise  was  in  jeopardy  because  the 
public  in  the  territory  was  not  adequately  served  by 
the  present  electric  service." 

It  was  also  noted  by  the  speaker  that  "another  com- 
pany, the  Northern  Ohio  Traction  Company  of  Akron, 
found  by  careful  study  and  survey  that  there  was  an 
opportunity  to  keep  competition  from  their  electric 
lines  and  at  the  same  time  operate  busses  at  a  profit 
by  initiating  two  bus  lines."  He  pointed  to  the  "hun- 
dreds of  motor  bus  lines  in  the  United  States  in  terri- 
tory which  was  not  being  served  by  either  electric  or 
the  steam  companies,"  and  concluded  that  "with  al- 
most eleven  million  motor  vehicles  already  on  our  high- 
ways it  will  be  just  a  short  time  until  all  individual 
highway  transport  will  be  by  motor." 

Of  the  future  of  the  motor  bus  on  the  highways  he 
said:  "In  the  motorization  of  our  highways,  the  motor 
truck  has  been  ranking  next  to  the  passenger  car  in 
importance  up  to  the  present  time,  but  it  is  very  prob- 
able that  the  use  of  the  motor  bus  will  soon  exceed 
even  the  use  of  the  truck  in  the  revolutionizing  of  our 
highway  transport.  The  motorization  of  our  highways 
is  itself  the  economic  force  which  has  compelled  the 
betterment  of  our  highways.  The  improper  use  of 
highways  by  overloading  motor  vehicles  should  be  de- 
nounced, and  effective  legislation  enacted  to  curb  this 
practice. ' ' 


MINNESOTA  HIGHWAY  MAPS 

GAIN  WIDE  DISTRIBUTION 

The  Minnesota  State  Highway  Commission  is  di- 
rected by  law  to  publish  a  map  of  the  state  highway 
system  for  free  distribution.  Charles  M.  Babcock, 
State  Highway  Commissioner,  adopted  the  plan  of  dis- 
tribution through  newspapers  in  the  belief  that  the 
saving  on  postage  would  pay  for  more  maps  and  thus 
a  larger  number  of  highway  users  would  be  served 
without  additional  expense  to  the  state.  Coupons  are 
printed  in  papers  throughout  the  state  together  with 
an  announcement  of  the  arrival  of  the  maps  and  a 
map  is  given  out  in  exchange  for  each  coupon  brought 
to  the  newspaper  office. 

The  maps  are  printed  on  good  paper  and  show  all 
the  state  trunk  highways  with  the  official  numbers 
corresponding  to  those  on  the  yellow  star  markers 
along  the  way.  Bulletins  issued  monthly  and  printed 
in  the  newspapers  supplement  the  maps  by  indicating 
progress  of  surfacing  and  other  improvements.  Many 
hotels,  garages  and  business  houses  are  placing  the 
maps  under  glass  for  display  purposes  and  fastening 
the  condition  bulletin  each  Aveek  in  a  space  left  for  it. 


Jefferson  County,  Alabama,  is  engaged  in  buUding 
50  mi.  of  road  at  a  total  cost  of  $425,000.  The  money 
was  raised  by  a  bond  issue. 
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Equipment— Trade  — Materials 


COMPLETE  UNIT  WILL  HANDLE 

CONCRETE  ROAD  MATERIALS 

A  complete  unit  for  handling  the  material  on  concrete 
road  construction  has  been  developed  by  the  Portable 
Machinery  Company  of  Passaic,  N.  J.  The  outfit  con- 
sists of  a  contractor's  type  scoop  conveyor,  especially 
designed  to  handle  abrasive  material,  a  portable,  ad- 
justable measuring  hopper,  and  an  auto  dump  truck. 
It  will  handle  all  materials  for  the  concrete  mixer  and 
will  cut  the  usual  man  and  wheelbarrow  gang  by  ten 
or  twelve  men. 


HUGE  MOTOR  TRUCK  MERGER  UNDER  WAY 

The  consolidation  of  the  Selden  Truck  Corporation 
and  the  Atlas  Truck  Corporation  into  a  new  company 
known  as  the  Industrial  Motors  Corporation  marks  the 
first  step  in  a  huge  merger  of  truck  manufacturing 
companies  which  the  promoters  hope  to  make  as  im- 
portant in  tliat  field  as  the  General  Motors  Corporation 
is  in  the  passenger  car  field.  Interests  arranging  the 
merger  are  negotiating  with  several  other  concerns  in- 
cluding truck  and  parts  makers  in  an  effoi-t  to  bring 
them  into  the  group.  Among  those  under  considera- 
tion is  the  Martin-Parry  Corporation,  a  maker  of  truck 
bodies,  which  is  closely  affiliated  with  the  Atlas  Truck 
Corporation. 


THK     UNIT    AHSEMBliED 

A  diagram  in  a  folder  just  issued  shows  the  stone 
piled  at  the  left  of  the  road  and  the  sand  and  cement 
piled  at  the  right.  One  conveyor  and  measuring  hop- 
per is  assigned  to  each  pile.  The  man  in  charge  of  the 
stone  fills  his  hopper  with  the  desired  proportion  of 
«tone  and  the  man  at  the  sand  pile  does  likewise  with 
the  sand  and  cement.  The  dump  truck  operator  drives 
under  the  stone  hopper  and  receives  the  charge  of  stonC 
after  which  he  drives  to  the  other  hopper  and  gets  the 
sand  and  cement  on  top  of  the  stone.  The  load  is  then 
driven  to  the  mixer  and  discharged  into  the  mixer  hop- 
per. By  the  time  the  driver  has  discharged  his  load 
and  returned  to  the  measuring  hoppers,  they  are  once 
more  filled  and  ready  with  a  new  load. 

The  scoop  conveyor  is  made  in  three  sizes,  varying 
according  to  length;  20,  2.5,  and  30  ft.  The  width  of 
trough  is  constant  at  14  in.  and  the  belt  is  the  same 
width  as  the  trough.  Hard  wood  rollers  are  used  under 
the  belt  because  they  damage  it  less  than  steel  rollers. 
The  conveyor  is  mounted  on  two  roller-bearing  wheels 
on  a  solid  axle.  The  lifting  and  lowering  device  is  both 
simple  and  safe.  The  machine  is  operated  either  by  elec- 
tric motor  or  gasoline  engine  mounted  over  the  top. 


A  very  attractive  piece  of  advertising  literature  is  a 
new  catalogue  of  The  Gallon  Iron  Works  &  Mfg  Co. 
which  describes  with  illustrations  their  line  of  motor 
and  steam  road  rollers. 


SPECIAL  TRACTOR  FOR  ROAD  WORK 

The  tractor  shown  in  the  accompanying  illustration 
is  a  Lauson  15-30  special  road  building  tractor  owned 
))y  Henry  County,  Georgia.  It  is  continuously  in  use 
on  the  road  of  the  county  and.  is  operated  and  taken 
care  of  by  convicts  from  the  state  prison. 

This  model  has  been  designed  by  The  John  Lauson 
Manufacturing  Company  of  New  Holstein,  Wis.,  to 
ii'eet  every  requirement  of  road  building  and  main- 


TRACTOR    REPLACES   MUIiES    ON   GEORGIA    ROAD 

tenance.  Extra  heavy  solid  cast  drive  wheels,  weigh- 
ing J, 800  lbs.  each,  with  16-in.  face  and  special  steam 
engine  type  road  cleats  furnish  the  necessary  traction 
for  all  kinds  of  road  work.  At  the  same  time,  the  trac- 
tor is  neat  and  compact  and  easy  to  handle.  The  Lau- 
son-Bcaver,  4^-in  bore,  6-in  stroke,  four  cylinder, 
four  cycle  motor  develops  15  h.  p.  when  operating  as 
a  tractor  and  30  h.  p  when  operating  as  a  stationary 
power  plant  with  belt  drive.  There  is  an  18-in.  drive 
pulley  with  8-in.  face  running  at  a  speed  of  475  r.  p.  m. 
for  belt  work — driving  crusher  or  gravel  screening  out- 
fit. Equipment  includes  a  Kingston  carburetor,  Dixie 
magneto,  Taco  governor,  and  Lau.son  tj'ansini.ssion, 
selective  sliding  gear  type,  with  two  speeds  forward 
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and  one  reverse.  Low  and  reverse  speeds  are  1^  mi. 
per  hour  and  high  speed  is  2}4  mi.  per  hour.  All 
working  parts  are  completely  covered  and  every  gear 
is  enclosed  in  a  dust-proof  housing. 

The  company  also  makes  a  smaller  size  Lauson  12- 
25  tractor  for  patrol  work  in  which  the  same  high  grade 
and  dust  proof  construction  is  carried  out. 


CONTRACTORS  REFUSE  TO  BID 

When  the  coniissionei-s  of  sewerage  of  Louisville,  Ky., 
asked  for  bids  on  May  23  for  $1,000,000  worth  of 
sewers  to  be  constructed  by  the  city,  not  a  single  bid 
was  filed.  The  letting  was  readvertised  for  June  23 
and,  according  to  a  statement  issued  by  the  Kentucky 
Association  of  Highway  Contractors,  Louisville  eon- 
tractors  will  again  refuse  to  bid. 

The  difficulty  between  the  commissioners  and  the 
contractors  is  the  clause  in  the  contract  whicli  makes 
the  commission's  engineer's  decision  final  and  conclu- 
sive on  both  parties  to  the  contract. 

"His  estimate  and  decision,"  the  contract  reads, 
"shall  be  final  and  conclusive  upon  both  parties  to  this 
contract." 

The  contractors  refuse  to  become  party  to  a  con- 
tract in  which  an  interested  person  is  made  the  final 
judge  in  all  disputes.  They  at  first  took  the  position 
that,  as  they  were  a  party  to  the  contract  and  the  com- 
mission's engineer  represented  the  other  party  alone, 
they  were  entitled  to  have  all  disputed  points  passed 
on  by  an  arbitration  board.  Later  they  modified  their 
request  so  as  to  provide  that  the  orders  and  directions 
of  the  engineer  sliould  be  executed  without  question, 
but  that  they  should  retain  the  right  to  have  claims 
for  compensation  heard  by  jury. 

In  making  this  fight  against  what  they  consider  un- 
fair conditions,  the  Kentucky  contractors  feel  that,  if 
they  are  successful,  they  will  have  done  a  service  for 
contractors  and  the  public  generally.  Therefore,  they 
are  asking  and  expecting  to  receive  the  cooperation  of 
contractors  nationally. 


BITUIVEINOUS  CLAY  PIPE 

MAY  REPLACE  CAST  IRON 

As  a  result  of  laboratory  tests  made  at  the  College 
of  Industries  of  Carnegie  Institute  of  Technology  at 
Pittsburgh,  Pa.,  by  S.  E.  Dibble,  head  of  the  lieating 
and  ventilating  department,  it  has  been  established. 
according  to  an  announcement  from  the  in.stitute,  that 
bituminous  clay  pipe  for  drainage  and  sewerage  use 
is  in  every  way  the  equal  of  the  more  expensive  cast 
iron  pipe  which  has  been  used  heretofore. 

For  years,  says  the  announcement,  efforts  have  been 
made  by  manufacturers  and  engineers  to  find  methods 
of  efficient  substitution  of  bituminous  clay  pipe  for 
cast  iron  pipe  without  success.  One  weak  point  has 
invariably  remained ;  an  inability  to  join  the  lengths  to 
prevent  leakage.  Practically  speaking,  some  variation 
of  the  ordinary  building  cement  has  been  the  one  gen- 


eral type  of  jointing  material  used.  Recently,  various 
bituminous  compounds  have  been  evolved  as  a  substi- 
tute jointing  material  but  all  the  tests  made  of  these, 
too,  failed  to  overcome  the  great  weakness  of  clay  pipe 
when  used  for  drainage  or  sewerage. 

Finally,  a  number  of  these  bituminous  compounds 
were  placed  at  the  disposal  of  Professor  Dibble  and 
he  proceeded  to  make  a  series  of  painstaking  and  un- 
usual experiments  and  tests.  He  not  only  devised  abso- 
lutely new  equipment  with  which  to  simulate  actual 
drainage  and  sewerage  conditions  in  the  making  of  his 
tests,  but  as  a  result  of  the  tests,  he  developed  an  en- 
tirely new  jointing  practice  and  technique.  Altogether 
21  separate  tests  were  made  on  a  total  of  63  joints 
and  three  different  bituminous  compounds  were  used. 

Not  only  have  Professor  Dibble's  tests  established: 
(1)  that  a  proper  bituminous  compound  can  be  used 
efficiently  in  jointing  a  pipe;  (2)  that  joints  made  in 
the  manner  developed  by  him  will  stand  any  pressure 
that  the  pipe  itself  is  capable  of  standing,  without 
showing  any  leak;  (3)  that  a  pipe  line  so  jointed  can 
be  thrown  out  of  alignment  without  causing  a  leakage 
at  the  joints ;  and  (4)  that  leaks  due  to  poor  workman- 
ship can  be  repaired  easily  and  quickly;  but  has  gone 
further  and  has  published  actual  chemical  analyses  of 
two  of  the  bituminous  compounds  found  satisfactory. 


WHEN  CALLED  ON  TO  SPEAK 

The  following  hints  for  public  speakers  were  sug- 
gested to  students  taking  the  Illinois  short  course  in 
highway  engineering  : 

1.  Don't  apologize  for  your  presence  as  a  speaker. 
If  any  apologies  are  made,  let  the  management  make 
them. 

2.  Don't  tell  the  audience  you  are  a  poor  speaker. 
If  it  is  true,  it  will  be  found  out  soon  enough. 

3.  Be  brief.  The  orator  wlio  preceded  Abraham 
Lincoln  on  the  program  at  Gettysburg  talked  over  two 
hours.  Today  we  don't  remember  who  he  was  or  what 
he  said.  Lincoln  spoke  a  few  words  and  those  im- 
mortal thoughts  are  a  part  of  the  life  of  every  Ameri- 
can.   Draw  your  own  conclusions. 

4.  Marshal  your  facts.  The  best  extemporaneous 
speakers  are  those  who  have  planned  in  advance  w'hat 
they  intend  to  say  and  how  best  to  say  it. 

5.  Make  every  word  hit  the  mark.  If  a  word  is  not 
necessary,  don't  use  it.  You  are  not  singing  a  swan 
song;  you  are  presenting  engineering  facts. 

6.  Be  heard!  If  you  prepare  the  best  information 
of  the  day,  and  then  smother  it  by  swallowing  your 
voice,  mumbling  your  words  and  slurring  your  syl- 
lables, your  effort  will  be  a  rank  failure.  Every  en- 
gineer can  yell  cross-section  readings  for  600  ft.;  he 
can,  therefore,  make  himself  heard  by  a  thousand  peo- 
ple. Remember  that  if  you  are  too  quiet,  the  appoint- 
ed coach  in  the  rear  will  yell  "louder." 

7.  Keep  within  your  time  limit.  The  other  fellow 
may  have  a  few  valuable  things  to  say  also. 
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Personal     Mention 


THOMAS  J.  WASSER 

PRESIDENT 

AMERICAN  ROAD  BUILDERS  ASSOCIATION 

Thomas  J.  Wasser  was  born  in  Philadelphia,  Pa., 
January  24,  1871.  He  attended  the  Philadelphia  Man- 
ual Training  School  and  also  took  a  private  course  in 
engineering  and  is  a  civil  engineer  by  profession.    His 

experience  in  highway 
construction  dates  back 
to  the  nineties  when  he 
entered  the  employ  of  B. 
M.  and  J.  F.  Shanley 
Company  of  Newark,  a 
concern  which  Avas  en- 
gaged in  macadam  and 
telford  road  construc- 
tion. Later  he  became 
a.ssoeiated  with  the  San- 
ford  and  Stillman  Com- 
pany, general  contractors 
andbridgebuilders.  Pram 
1903  to  1913  he  was  with  the  engineering  bureau  of  the 
Robert  AV.  Hunt  Company  and  was  engaged  on  county 
engineering  assignments  in  Hudson  County,  New  Jer- 
sey. During  this  period  Mr.  Was.ser  was  the  engineer 
in  charge  of  the  Fourteenth  Street  Viaduct  in  Hobo- 
ken  and,  jointly  with  James  Owen,  was  engineer  in 
charge  of  the  reconstruction  of  the  Lincoln  Highway 
between  E.ssex  and  Hudson  Counties.  In  1913  he  be- 
eame  county  engineer  of  Hudson  County  and  in  that 
capacity  designed  and  supervised  most  of  the  con- 
struction of  the  Newark  Turnpike  which  has  been  re- 
cently completed  under  his  successor.  In  July,  1920, 
he  resigned  as  county  engineer  to  accept  the  appoint- 
ment from,  the  reorganized  state  highway  commission 
to  be  state  highway  engineer  in  charge  of  the  state's 
road  construction  program. 

Mr.  Wasser  is  also  president  of  the  State  Board  of 
Professional  Engineers  and  Land  (Surveyors  of  New 
Jersey  and  is  a  member  of  the  following  organizations : 
American  Society  of  Municipal  Improvements,  Nation- 
al Highway  Traffic  Association,  American  Associaton 
of  Engineers,  American  Association  of  State  Highway 
Officials,  and  associate  member  of  the  American  So- 
ciety of  Civil  Engineers. 


G.  H.  Stanchfield  has  been  appointed  city  engineer 
of  Fond  du  Lac,  Wis.,  to  succeed  B.  B.  Patters,  re- 
ngned. 

William  J.  Knauer,  County  Engineer  of  Chautauqua 
County,  New  York,  has  resigned  to  enter  the  contract- 
ing busineflB. 


MelHott  N.  Beebe,  Street  Engineer  of  Indianapolis, 
has  been  appointed  senior  a.ssistant  city  engineer  to 
succeed  Henry  P.  Campbell,  resigned  to  enter  a  pri- 
vate engineering  fii-m.  William  Lacey,  an  assistant 
engineer  in  the  depai-tmeiit  of  public  works,  was  pro- 
moted to  the  position  of  street  engineer. 

C.  M.  Hathaway,  District  Engineer  of  the  Illinois 
Division  of  Highways,  has  been  appointed  engineer  of 
construction  to  succeed  B.  H.  Piepmeier  who  resigned 
to  become  state  highway  engineer  of  Missouri. 

H.  6.  Dimsdale  has  been  appointed  highway  com- 
iniissioner  of  the  Province  of  Alberta,  Can. 


OBITUARY 


JOHN  A.  BENSEL 

John  A.  Bensel,  consulting  engineer  of  New  York 
City  and  former  State  Engineer  of  New  York,  died 
at  his  home  in  Bernardsville,  N.  J.,  June  19.  For  many 
years  Mr.  Bensel  has  been  prominent  in  public  life.  He 
served  the  city  of  New  York  as  chief  engineer  and 
later  commissioner  of  the  Department  of  Docks  and 
Ferries  and  as  president  of  the  New  York  Board  of 
Water  Supply  which  was  engaged  in  the  construction 
of  the  Catskill  aqueduct.  In  1910  he  was  elected 
president  of  the  American  Society  of  Civil  Engineers. 
At  the  end  of  his  second  term  as  state  engineer  in  1915 
Mr.  Bensel  engaged  in  private  practice  in  New  York. 
During  the  war  he  served  as  a  major  in  the  engineer 
corps  and  was  connected  Avith)  the  consti-viction  of 
cantonments  in  this  country.  Up  to  the  time  of  its 
dissolution  this  year,  he  served  on  the  board  of  con- 
sulting engineers  on  the  Hudson  River  vehicular  tunnel. 


The  Delaware  River  Bridge  Joint  Committee  on  June 
2  awarded  the  contracts  for  the  construction  of  both  the 
Philadelphia  and  the  Camden  anchorage  piers  to  the 
Keystone  State  Construction  Co.  and  Holbrook,  Cabot 
&  Rollins  Corporation.  The  winning  bid  on  the  Phila- 
delphia anchorage  was  $928,535  and,  on  the  Camden 
anchorage,  $1,164,920. 


The  U.  S.  Burearti  of  Public  Roads  has  received,  as 
surplus  war  material,  780  ten-ton  caterpillar  tractors 
and  200  five-ton  tractors.  They  are  located  at  Camp 
Lewis,  Wash.,  and  the  Erie  Proving  Grounds  in  Ohio. 
Distribution  in  the  States  will  be  completed  and  all 
should  be  in  use  in  June. 
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The  BEST  is  Built 

to  Move  Loads 

From  radiator  cap  to  draw-bar  the  BEST  TRACTOR  is  a 
power  unit  designed  to  move  loads.    And  it  does. 

The  BEST  Motor  is  a  tractor  motor,  built  by  the  builders 
of  the  BEST  Tractor,  its  power  is  so  delivered  to  the 
draw-bar  that  maximum  pull  is  the  result. 

handled.  It  goes  in  and  pulls 
where  space  is  limited.  Contrac- 
tors and  municipalities  every- 
where are  using  Bests  to  pull 
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power. 
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In  addition,  the  Best  as  a  unit 
is  compact,  flexible   and  easily 
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Concrete  Roads  and  Road  Vehicles  in  England 

By  PBEDEBIOK   O.   HOBNERt 

horses  are  heavy  draft  and  consequently  their  big 
steel-shod  feet  cause  considerable  damage  to  the  roads 
Some  of  the  steam  wagons  loaded  are  a  gross  weight 
of  12  to  13  tons  and,  although  by  law  restricted  to  5 
mi.  per  hour,  often  run  at  10  to  12  mi.  per  hour  with 
consequent  great  damage  to  any  road  surface,  but  es- 
pecially to  a  concrete  surface. 

In  this  connection,  the  question  arises  whether  the 
very  satisfactory  results  given  by  concrete  roads  in 
America  would  have  been  obtained  if  as  many  steel- 
tired  vehicles  were  in  use  there  as  here  in  England. 

In  England,  the  best  types  of  road  are  held  to  be 
asphalt  and  tar  macadam.  The  foundation  of  the  for- 
mer is  generally  constructed  of  the  old  road  bed  ma- 
terial minus  the  worn-out  top.  On  this  foundation  is 
laid  about  2  in.  of  bituminous  concrete  on  which  is  put 
about  1.25  in.  of  sheet  asphalt.  The  tar  macadam  road 
is  a  slag  tar  macadam.  Granite  was  tried,  but  found 
unsatisfactory.  The  perforations  in  the  slag  fill  up 
with  the  tar  and  bind  the  whole  mass  together  in  such 
a  way  that,  when  the  road  must  be  taken  up  for  some 
reason,  it  is  found  that  it  is  so  closely  knit  together 
that.it  can  only  be  removed  in  big  pieces.  The  granite 
type  on  the  other  hand  separates  very  easily  in  com- 
parison because  the  surface  of  the  stone  is  so  smooth 
that  tlie  tar  does  not  bind  the  pieces  together  as  it 
does  the  slag. 

Regarding  road  surfaces,  I  have  looked  into  the 
matter  of  wood  block  paving  which  is  so  popular  here. 
The  reason  that  wood  blocks  are  so  satisfactory  as  a 
road  surface  in  England  is  due  to  the  blocks  being  of 
soft  wood.  Hard  wood  blocks  were  tried  on  several 
occasions  but  were  entirely  un.satisfactory.  The  ex- 
planation is  that  the  oak  and  other  hard  woods  chip 
off  on  the  edges,  whereas  the  soft  wood,  pine  largely, 
clings  closer  together  and  does  not  chip  off.  Most  of 
the  English  wood  blocks  come  now  from  Sweden  and 
Nor\vay.  Another  point  about  wood  blocks  for  road 
surface  in  England  is  that  it  is  not  slippery  as  com- 
pared to  the  American  wood  block  road  surface.  As 
pointed  out  to  me,  this  no  doubt  is  due  to  the  practice 


In  an  article  published  recently  in  an  American 
technical  magazine,  the  statement  was  made  tliat  in 
future  the  roads  of  England  will  all  be  of  concrete, 
18  in.  in  thickness  and  that,  even  now,  nothing  but  18- 
in.  concrete  roads  are  being  built  there.  Tliis  state- 
ment is  entirely  misleading. 

In  order  that  those  in  America  interested  in  good 
roads  should  not  be  misled  by  such  an  assertion — 
though  I  doubt  whether  any  experienced  engineer 
would  be  misled  by  it  for  a  moment,  when  the  cost  of 
an  18-inch  concrete  road  is  considered — I  will  give  the 
resiilt  of  my  personal  investigation  of  this  question, 
made  on  the  spot  during  the  last  eight  months,  and  in 
the  course  of  which  I  have  been  able  to  obtain  the 
oijinions  of  some  of  the  best  road  engineers  in  England. 

First  of  all,  I  would  state  that,  at  the  present  time, 
there  are  no  concrete  public  roads  in  England  18  in. 
thick,  in  fact  none  over  12  in.  in  thickness,  and  these 
are  of  clinker  concrete  and  scarcely  worthy  of  mention, 
as  they  are  found  only  at  a  few  places  where  the  na- 
ture of  the  soil,  marshy  for  instance,  required  a  deep 
foundation. 

There  are  not  over  50  mi.  of  concrete  road  in  the 
whole  United  Kingdom.  One  of  the  oldest  pieces  is  to 
be  found  in  Kent,  and  was  laid  about  1914.  English 
road  engineers  are  not  by  any  means  convinced  that 
concrete  roads  are  as  good  for  English  purposes  as 
other  types  of  construction.  Therefore  any  report  to 
the  effect  that  the  English  roads  are  in  future  to  be 
built  of  concrete  is  entirely  without  foundation. 

As  a  matter  of  fact,  it  is  extremely  doubtful  whether 
concrete  roads  will  ever  be  proved  to  be  best  for  Eng- 
lish vehicular  traffic.  One  of  the  main  reasons  is  the 
large  number  of  steel  tired  vehicles  in  use  here.  By 
steel  tired  vehicle,  I  refer  especially  to  the  steam  wag- 
on, of  which  there  are  over  16,000  in  the  United  King- 
dom, and  to  the  horse-drawn  vehicle.  The  latter  is 
still  a  big  factor  in  road  transport  in  England  and 
[some  of  the  horse  drays  are  of  large  capacity.     The 


tFormerly     transportation     engineer     of     the     Packard 
•  Motor  Car  Company  and  now  an  investigator  of  transpor- 
tation conditions  in   England  and  the  Continent. 
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of  gritting  the  newly  laid  road  with  a  gravel  grit,  from 
sand  lip  to  about  the  size  of  a  pea,  and  letting  the 
traffic  grind  it  into  the  blocks.  This  grit  gives  the 
blocks  a  rough  surface  and,  when  tliey  are  dug  up,  it 
is  found  that  they  are  still  full  of  the  grit.  Another 
thing  that  is  done  in  Loudon  and  other  English  cities 
is  to  have  bins  of  grit  on  the  streets  everywhere  there 
are  hills,  and  at  points  where  traffic  is  very  heavy.  In 
wet  weather,  the  road  surface  is  gritted  and,  although 
one  frequently  sees  horses  slip  on  the  streets  in  London, 
it  is  uncommon  to  see  a  horse  fall  down. 

Moreover,  I  have  never  seen  a  motor  vehicle  with 
skid  chains  on  in  London.  Of  course  there  is  very 
little  snow  and  ice  as  a  rule  in  London,  but  the  streets 
are  wet  and  muddy  almost  continually.  In  tlie  nortli 
of  England  and  in  Scotland,  they  have  considerable 
snow  and  ice  and  therefore  do  use  skid-chains  at  times, 
but  to  nothing  like  the  extent  we  do  in  America.  An 
interesting  fact  in  this  connection  is  that  in  London  all 
taxicabs  are  required  to  have  one  steel  studded  non- 
skid  tire  front  and  rear  and  on  opposite  sides.  The 
results  obtained  are  eminently  satisfactory,  as  I  have 
often  had  the  opportunity  to  witness.  Once  I  would 
have  been  run  over  but  for  a  quick  stop  by  a  taxicab 
on  a  slippery  street  that  would  have  been  impossible 
without  skid-chains  or  tliese  non-skid  tires.  In  Amer- 
ica, we  all  know  how  often  a  driver  to  save  tires  and 
trouble  will  neglect  to  put  on  skid-chains  when  he 
should,  thereby  causing  frequent  accidents.  Here  the 
police  regulations  do  away  with  this  danger  to  the 
public,  at  least  in  so  far  as  taxi-cabs  are  concerned.  I 
am  informed  that  eventually  it  is  hoped  to  extend  this 
regulation  to  all  pneumatic  tired  vehicles. 

The  opinion  of  those  road  engineers  with  whom  I 
di.scussed  the  subject  is  that  main  trunk  roads  in  Eng- 
land should  be  a  minimum  width  of  24  ft.  and  the 
county  or  feeder  road  not  less  than  18  ft.  As  to  maxi- 
mum width  desirable,  their  views  on  this  point  can 
be  judged  by  stating  that,  on  one  of  the  roads  now 
being  constructed  in  Middlesex  County,  Mr.  Alfred 
Dryland,  the  engineer  and  surveyor,  managed  to  have 
the  widtli  increased  from  100  ft.  to  120  ft.  Although 
this  road  is  not  being  built  to  the  full  width  of  the 
right  of  way  at  present  and  walks  and  trees  on  both 
sides  will  be  included  in  the  120  ft.  space,  still  it  shows 
the  vision  of  EnglLsli  road  engineers  in  building  their 
roads,  where  possible,  not  for  tlie  traffic  of  the  moment 
alone,  or  for  that  of  ten  years  hence,  but  for  that  of 
fifty  years  from  now,  or  more. 

Although  this  article  is  chiefly  concerned  with  Eng- 
lish roads,  perhaps  it  would  not  be  inappropriate  to 
mention  a  few  of  the  impres-sions  of  Mr.  Alfred  Dry- 
land, to  whom  I  have  just  referred,  who  went  to  Amer- 
ica last  summer  to  investigate  our  road  building 
methods  with  special  reference  to  the  results  obtained 
from  concrete  roads. 

The  principal  defects  seen  by  Mr.  Dryland  in  Ameri- 
can roads  were  their  high  crowns  and  their  narrow- 


ness. Most  of  us  will  readily  agree  with  him  on  both 
points,  but  especially  on  the  latter.  We  all  know  the 
sensation  caused  by  meeting  a  71/2  ton  motor  truck 
"crawling"  along  toward  us  at  about  19  mi.  per  hour 
and  possibly  drawing  a  trailer  tliat  is  weaving  slightly. 

In  connection  with  the  criticism  of  the  high  crowns 
of  American  roads,  it  may  be  stated  that  there  are  no 
crowns  to  English  roads  and  the  sides  are  not  steep 
like  ours,  but  rather  flat. 

Regarding  the  financing  of  our  road  building,  one 
criticism  Mr.  Dryland  makes — and  it  is  a  fair  one  in 
my  opinion — is  that  borrowing  money  on  30-year  bonds 
is  ' '  1 00  long  a  shot ' ' ;  fifteen  years  is  a  much  safer  prop- 
osition for  all  concerned.  In  this  connection  it  has 
been  pointed  out  to  me  that  in  America  the  pi'operty 
owner  benefits  so  greatly  from  the  good  road  that 
passes  his  home  that  he  should  pay  an  equitable  portion 
of  the  tax  necessary  to  raise  money  to  build  good  roads. 
This  is  undoubtedly  true  and  should  not  be  forgotten. 
Moreover,  as  I  was  reminded,  the  motor  vehicle  owner 
in  America  will  probably  have  to  pay  a  greater  tax 
tlian  at  present.  The  rate  at  present  is  much  lower 
than  the  English  one  and  our  need  for  new  roads  alone, 
aside  from  the  maintenance  and  repair  of  existing 
ones,  is  far  greater  than  England's  ever  can  be.  The 
principal  reason  for  this  lies  in  our  vast  distances,  the 
thousands  of  square  miles  awaiting  the  coming  of  the 
good  road  that  will  develop  them. 

It  needs  no  stretch  of  the  imagination  to  picture 
what  a  complete  system  of  good  roads  will  do  for  com- 
merce generally  and  for  the  automotive  industry  in 
particular,  to  say  nothing  of  what  the  benefits  will 
be  to  every  man,  woman  and  child  in  the  country.  But 
as  it  will  cost  large  sums  of  money  to  build  these  roads, 
taxation  should  be  shared  by  all  those  able  to  pay,  in 
the  proportion  that  they  benefit  from  the  roads. 

It  is  interesting  to  find  that  not  only  many  of  the 
motor  veliicle  operators,  but  some  of  the  most  experi- 
enced road  engineers  in  England,  are  in  favor  of  the 
petrol  (gasoline)  tax  in  place  of  the  system  of  taxing 
according  to  horse-power  and  tonnage  now  in  opera- 
tion in  England  and  America.  They  reason  that  the 
petrol  tax  is  a  fairer  method,  as  it  seems  only  right 
that  the  vehicle  that  travels  10,000  mi.  per  year  over 
the  roads  should  pay  a  higher  tax  than  one  that  only 
travels  5,000  mi. 

Regarding  the  weights  and  speed  of  motor  vehicles, 
the  road  engineers  "with  whom  I  have  discussed  the 
matter  are  of  the  opinion  that  12  tons  gross  at  12  mi. 
per  hour  should  be  the  limit  for  four  wheel  vehicles 
with  rubber  tires  for  any  road.  If  the  limits  are  raised 
much  above  these  figures,  the  roads  will  not  stand  up 
and  then  the  whole  proposition  becomes  uneconomical 
from  all  standpoints.  In  other  words,  it  would  cost 
far  more  to  build  and  maintain  tlie  roads,  which  would  fl 
mean  higher  taxes  for  the  vehicle  and  the  property  , 
owner. 

I  might  add  that  in  opposition  to  this  view  a  promi- 
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iient  road  engineer  writes  me  on  this  subject  as  fol- 
lows: "The  motor  ear  acts  at  the  present  time  limit 
the  weight,  size  and  speed  of  vehicles  but  whether  this 
is  expedient  or  not,  is  a  matter  for  the  legislators,  and 
it  is  for  them  to  prescribe  the  maximum  and  for  road 
engineers  to  construct  their  roads  capable  of  withstand- 
ing the  wear  and  stresses  resulting  therefrom." 

My  own  observation  on  this  point  is  that,  unless 
legislators  make  wise  laws,  the  taxpayer  will  suffer 
generally  and  the  motor  vehicle  owner  especially. 

The  report,  that  has  been  circulated  in  America  to 
the  effect  that  "over  those  18  in.  concrete  roads  in 
England  they  haul  what  they  call  steam  lorries  or 
traction  engines,  each  engine  pulling  perhaps  three 
cars  holding  5  tons  each,"  is  true  to  this  extent.  The 
steam  wagons  weigh  unladen  from  5  to  7  tons  and 
carry  from  5  to  7  tons  live  load.  The  capacity  is  usual- 
ly the  lower  figure  and  sometimes  as  low  as  4  tons. 
One  trailer  behind  is  common  practice.  This  type  of 
vehicle  is  allowed  to  travel,  when  rubber  tired,  10  to 
12  mi.  per  hour.  Then  there  is  the  "traction  engine" 
which  weighs  14  to  18  tons,  is  usually  steel  tired  and 
hauls  three  5-ton  cap.  trailers  at  a  speed  of  4  mi.  per 
hour.  Thus,  the  gross  load  of  all  four  vehicles  is  ap- 
proximately 50  tons.  Three  trailers  is  the  maximum 
number  allowed  in  one  train.  That  this  combination  of 
road  transport  is  growing  in  favor  in  England  is  not 
the  case.  In  fact,  I  have  never  seen  more  than  two 
trailers  beliind  a  traction  in  all  the  months  I  have 
been  in  England.  The  slow  speed  of  this  type  of  vehicle 
is  sufficient  reason  to  prevent  it  from  becoming  popu- 
lar for  anything  except  very  heavy  haulage,  such  as 
road  building  contractors,  heavy  haulage  companies, 
etc.  "More  speed,  faster  vehicles"  is  the  watchword 
of  the  road  transport  user,  and  greater  carrying 
capacity  wliere  consistent  with  economy  and  existing 
legal  requirements. 

Right  here,  I  would  call  attention  to  the  fact  that 
the  over-loading  evil  is  nothing  like  as  prevalent  in 
England  as  it  is  in  America.  Some  owners  do  over- 
load, but  it  is  not  by  any  means  the  rule.  In  fact,  I  am 
inclined  to  believe  it  is  the  exception,  and  ■without 
doubt  excessive  overloading  is  rarely  practised  here. 
This  is  largely  due  to  the  fact  that  when  the  English 
make  a  law  they  usually  abide  by  it,  whereas  we  in 
America  seem  to  make  a  law  and  then  premeditate  how 
to  l)reak  it  before  it  goes  into  effect. 

Referring  to  the  growth  of  tbe  6-wheeler,  or  tractor 
and  semi-trailer,  I  find  that  road  engineers  believe  its 
use  will  be  beneficial  to  the  life  of  roads,  as  the  more 
evenly  the  load  is  distributed  the  better  the  results 
should  be,  both  for  the  life  of  vehicle  and  road.  Es- 
pecially will  this  be  true  if  the  largest  size  rubber 
tires  are  used  on  all  wheels.  The  6-wheeler  of  10  tons 
capacity  traveling  at  12  mi.  per  hour  would  not  do  as 
.  much  damage  to  the  roads  as  the  6  ton  capacity,  4- 
wheel  vehicle,  traveling  at  the  same  speed. 

Every  one  I  have  talked  with  is  most  emphatic  in 


commending  the  research  work  being  carried  on  by  the 
Bureau  of  Public  Roads,  Department  of  Agriculture,  at 
Washington  in  the  tests  on  road  impact  and  sprung 
and  unsprung  weight.  And  they  regret  that  there  is 
no  similar  body  to  assist  the  road  builders  and  truck 
manufacturers  and  operators  in  England,  believing 
that  it  is  only  by  these  and  other  similar  experiments 
and  tests  that  we  can  arrive  at  definite  conclusions  as 
to  what  class  of  vehicle  causes  the  greatest  damage  to 
the  roads,  and  also  get  more  light  on  what  type  of  road 
construction  stands  the  most  wear.  Of  course,  it  is 
understood  that  no  definite  conclusions  can  be  reached 
on  this  matter  without  taking  into  consideration  the 
effects  of  weather,  time  and  traffic. 

The  North  Circular  Road  is  one  of  the  best  and 
newest  roads  of  concrete  construction  being  laid  in 
England. 

Although  this  road  is  of  reinforced  concrete,  the 
value  of  reinforcement  for  concrete  roads  is  not  gen- 
erally conceded  as  yet  by  English  engineers,  for  as  one 
engineer  put  it  to  me,  "so  far,  the  high  cost  is  not 
justified  by  the  results  obtained."  But  another  opin- 
ion I  received  in  a  letter  is  in  favor  of  reinforcement  in 
concrete  road  construction,  and  is  as  follows: 

"If  it  could  be  found  possible  to  prevent  openings 
being  made  in  roads  after  construction,  undoubtedly 
tbe  reinforcement  of  the  foundations,  provided  it  is 
scientifically  carried  out,  is  advantageous  and  secures 
prolongation  of  life.  The  reinforcement  of  concrete 
does  not,  in  my  opinion,  necessitate  additional  expense 
for  the  reason  that  the  reduction  in  the  depth  of  the 
concrete  by  reason  of  the  reinforcement  covers  the 
extra  cost  of  the  latter.  What  I  mean  is,  a  road  hav- 
ing an  ordinary  concrete  foundation  of  12  in.  in  depth 
would  be  no  stronger  than  a  road  with  8  in.  of  con- 
crete reinforced,  and  the  cost  of  both  contructions 
would  approximately  be  equal." 

At  any  rate,  we  have  no  reliable  figures  extending 
over  a  long  enough  period  from  which  to  form  accurate 
conclusions  on  this  question.  Reinforced  concrete  roads 
are  still  in  the  experimental  stage. 

As  stated  in  the  first  part  of  this  article,  about  the 
oldest  piece  of  concrete  road  in  England  is  in  Kent. 
It  is  a  6-in.  slab  with  a  24-ft.  roadway  over  which  now 
passes  about  1,200  tons  per  day.  This  road,  although 
standing  up  very  well,  has  not  influenced  the  engineers 
of  roads  in  Kent  to  build  any  other  concrete  roads. 
The  fact  of  the  matter  is  that  the  English  road  en- 
gineers are  skeptical  about  the  concrete  road  and  it  will 
take  time  to  convince  them  that  it  is  better  than  as- 
phalt and  tar  macadam  for  English  traffic. 

It  is  interesting  to  note  that  there  were  no  roads  to 
speak  of  built  in  England  for  about  1,000  years  after 
the  Romans  left  and  that  the  best  roads  until  the  ad- 
vent of  the  motor  vehicle,  were  built  between  about 
1760  and  1830.  The  history  of  American  roads  is 
modern  in  comparison  to  England's,  and  we  have  ac- 
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compllshed  Avonders,  considering  the  distances  and 
the  lack  of  cooperation  due  to  there  being  separate 
states  each  with  its  own  government,  and  consequently 
no  central  controlling  body  such  as  exists  in  England. 
"We  have  only  to  continue  the  work  of  educating  the 
people  on  the  value  of  good  roads  in  order  to  have  a 
system  of  roads  that  will  compare  favorably  with  Eng- 
land and  France. 

To  quote  what  Mr.  Dryland  wrote  in  "Concrete" 
after  his  return  from  America : 

"Roads,  as  we  understand  them  (in  England),  are 
a  comparatively  new  tiling  in  America;  except  in  the 
cities,  the  need  for  them  was  not  felt  until  the  develop- 
ment of  the  motor  industry.  Railways  were  the  basis 
of  development  and  roads  have  only  recently  been 
deemed  a  necessary  corollary.  Distances  between 
towns  were  great  and  they  were  all  connected  by  rail- 
ways. Access  to  a  railway  was  the  main  consideration 
and,  if  there  was  a  track  sufficiently  solid  to  allow  the 


crops  to  be  hauled  to  the  stations,  all  necessary  re- 
quirements were  deemed  to  have  been  met.  But  the 
motor  car  has  changed  all  that  and  now  the  fortunate 
owners  (and  an  unprecedentedly  large  proportion  of 
tlie  population  are  owners)  want  to  be  able  to  travel 
in  all  directions,  and  to  haul  their  produce  direct  to 
market  without  being  restricted  to  the  rail. 

"In  this  country  (England),  long  before  the  rail- 
ways were  thought  of,  we  had  been  dependent  upon 
roads  for  the  handling  of  our  commerce  or  for  pleasure 
travel  and  there  are  few  parts  where  something  in  the 
nature  of  a  firm  road  did  not  penetrate.  This  goodly 
heritage  we  have  been  able  to  develop,  strengthen,  and 
utilize  with  more  or  less  success  to  carry  our  modern 
traffic." 

Therefore,  let  us  give  the  people,  who  as  Mr.  Dry- 
land says  want  to  be  able  to  travel  in  all  directions,  a 
complete  system  of  roads.  Then  we  too  shall  have  a 
"goodly  heritage"  to  leave  to  our  children. 


The  North  Circular  Road 

Details  of  Design  and  Construction  of  Concrete  Road  in  Middlesex    County, 

England,  Typical  of  Latest  Developments  in  Building  Cement 

Concrete  Highways  in  the  United  Kingdom 

Section  1 

For  the  greater  part  of  its  length,  Section  1  has  for 


The  North  Circular  Road,  Willesden,  which  Mr. 
Homer  mentions  in  his  article  in  tliis  issue  as  one  of 
the  best  and  newest  concrete  roads  in  England,  is  de- 
scribed in  a  paper  prepared  for  a  meeting  of  the  In- 
stitution of  Municipal  and  Coiuity  Engineers  in  the 
Eastern  District  of  Willesden  on  May  26,  1922,  by  F. 
Wilkinson,  Engineer  to  the  Willesden  Urban  District 
Council.  The  paper  appears  in  full  in  the  June  17 
issue  of  "The  Journal  of  the  Institution  of  Municipal 
and  County  Engineers." 

Work  on  this  road  was  begun  in  1920  under  the  pro- 
visions of  the  Unemployment  Act  and  it  has  been  a 
means  of  relieving  a  part  of  the  distress  in  that  dis- 
trict. From  the  beginning  of  the  work  down  to  the 
present  time,  it  has  been  possible  to  give  employment 
to  150  men  weekly  at  the  union  rate.  For  the  greater 
part  of  the  time,  the  men  worked  for  a  period  of  two 
weeks  and  were  supplied  by  the  local  labor  exchange. 

The  road,  which  is  about  3  mi.  long,  is  divided  into 
three  sections.  Section  1  is  4,380  ft.  long  and  is  nearly 
completed.  The  work  on  the  second  section  of  3,800 
ft.  is  in  abeyance  because,  for  the  greater  part  of  the 
distance,  an  80  ft.  road  already  exists  and  also  because 
of  the  necessity  for  widening  several  bridges.  Only  the 
concreting  remains  to  be  done  on  the  third  section. 

The  width  of  the  road,  as  designed,  is  100  ft.  That 
width  will  provide  for  a  16  ft.  pathway  on  either  side, 
two  reinforced  concrete  driveways,  and  20  ft.  between 
the  driveways  as  an  accommodation  for  the  necessities 
of  future  traffic,  possibly  for  tramways.  Only  one 
driveway  is  being  constructed  at  the  present  time. 


a  foundation  course  6  in.  of  well  consolidated  burnt 
ballast.  The  concrete  is  reinforced  with  the  Walker- 
Weston  reinforcement,  5  in.  deep  with  3-16  in.  bottom 
bars  and  No.  6  iS.  W.  G.  diagonal  members,  the  whole 
weighing  about  12  lbs.  to  the  super  yd. 

The  mats,  5  in.  in  depth,  were  bent  and  assembled 
on  the  job  24  ft.  wide  and  6.5  ft.  long  to  constitute 
one  unit.  When  laid,  each  successive  mat  was  properly 
joined  to  the  previous  one  while  in  position  on  the 
road  and  just  before  the  deposit  of  the  wet  concrete. 
Thus  a  uniform  and  continuous  surface  was  obtained 
without  joints. 

The  ballast  was  washed  and  screened,  free  from  or- 
ganic or  loamy  matter,  sharp  and  angular,  graded  to 
pass  tlirough  a  2  in.  screen  and  to  be  retained  on  a  3-8 
in.  screen,  square  mesh. 

The  concrete,  8  in.  in  depth,  was  laid  in  two  courses. 
The  bottom  5  in.  was  composed  of  concrete  of  5 :2V^  :1 
mix  and  the  top  course  was  3:1:1  mix.  The  course 
aggregate,  crushed  rock,  used  in  the  bottom  course  was 
graded  from  2  in.  to  %  in.,  while  in  the  top  course  it 
was  graded  from  3-8  in.  to  3-16  in.  The  top  course  was 
placed  upon  the  bottom  course  at  once  to  form  one 
mass. 

The  cement  used  on  this  work  had  to  conform  to  the 
standard  specifications  of  slow-setting  cement.    Great 
care  was  taken  to  determine  the  exact  amount  of  water  • 
to  add  to  the  mixture  under  changing  atmospheric  eon- 
(Continued   on   page    350) 


June  28, 1922 


GOOD    ROADS 


349 


CONSTRUCTION    TRANSPORTATION    MAINTENANCE 


Founded  January,   1802 


E.   L.   POWERS 
Editor 


461    EIGHTH    AVENUE 
NEW  YORK,  N.  Y. 

Cable  Address:  Gudrodes,  New  York 


Copy  for  advertisements  must  reach  the  New  YorK  office 
by  noon  on  Tuesday  of  the  week  before  date  of  Issue  if 
proofs  are  to  be  submitted. 

Copy  for  classified  and  other  advertisements  where  proofs 
are  not  required  will  be  accepted  until  noon  on  Monday  of 
the  week  of  issue. 


Articles  by  road  builders  are  solicited.  They  should  be  short  and, 
if  possible,  accompanied  by  photographs.  Those  accepted  will  be 
paid  for  at  current  rates. 


Vol.   LXn. 


June   28,   1922 


Number   26 


VALUABLE  INVESTIGATION 

OF  HIGHWAY  TRANSPORT 

The  writer  of  the  article  on  "Concrete  Roads  and 
Road  Vehicles  in  England"  in  this  issue  has  spent 
some  months  in  England  and  on  the, Continent  inves- 
tigating highway  transport.    He  expects  to  return  to 
this  country  in  October  with  a  great  deal  of  very  valu- 
able data  on  the  subject.   Formerly  transportation  en- 
gineer with  the   Packard  Motor   Car  Company,  Mr. 
Korner  became  deeply  interested  in  the  future  devel- 
)ment  of  transportation  over  the  highways  of  this 
(untry.     It  seemed  of  the  utmost  importance  to  him 
I  study  the  question  of  highway  transportation  in 
countries  not  so  young  as  our  own.     England's  roads 
are  older  and  England  is  in  advance  of  this  country  in 
the  transportation  of  short  haul  and  1.  c.  1.  freight  by 
motor  truck.    It  was  to  stu<iy  this  system  of  transport- 
ation by  motor  truck  as  well  as  the  construction  of 
higliways  that  Mr.  Horner  chose  to  spend  most  of  his 
time  in  that  country.    He  is  particularly  interested  in 
the  store-door-delivery  by  motor  truck  in  England. 
■J     Hls  investigations,  which  he  is  carrying  on  independ- 
n     ently.    include :    interviews   with    highway    engineers, 
motor     truck     manufacturers     and     operators,     etc. ; 
traffic    censi    and   other   statistical    information;    and 
moving  pictures  and  photographs.     It  seems  certain 
that    road    builders    and    all    persons    engaged    in 
highway  transport  in  this  country  will  benefit  by  the 
information  that  Mr.  Horner  will  bring  back  with  him 
this  Fall. 


THE  CANADIAN  GOOD  ROADS  CONVENTION 

A  great  impetus  towards  road  construction  and  im- 
provement in  Canada  can  not  help  but  develop  from 
the  very  successful  convention  of  the  Canadian  Good 
Roads  Association,  an  account  of  which  is  given  else- 
where in  this  issue.  In  spite  of  the  fact  that  the  meet- 
ing was  held  far  in  the  west,  it  was  very  well  attended 
and  brought  together  for  the  purpose  of  discussing 
road  buildingj  problems  many  prominent  engineers, 
public  officials  and  business  men.  The  program  was 
well  selected  so  as  to  bring  about  discussion  of 
all  of  the  live  questions  which  confront  the  road 
builder  to-day.  For  the  bringing  together  of  minds 
devoted  to  the  subject  and  the  interchange  of  ideas  as 
well  as  the  dissemination  of  special  knowledge  con- 
tained in  some  of  the  papers,  the  convention  is  to  be 
commended. 

It  is  further  to  be  credited  with  creating  a  great 
amount  of  publicity  for  the  cause  of  road  building 
which  will  tend  to  interest  a  greater  number  of  peo- 
ple in  the  vital  question  of  investing  the  public  funds 
in  highways  to  the  best  advantage.  The  executives 
who  managed  the  convention  sent  forth  news  releases 
galore  and  so  handled  the  publicity  that  it  is  doubt- 
ful if  many  newspaper  readers  were  not  informed  of 
the  event  more  or  less  in  detail.  The  mere  fact  that 
prominent  and  busy  men  will  take  the  time  and  go 
to  the  expense  of  traveling  nearly  across  a  continent 
to  attend  a  good  roads  convention  is  sure  to  arouse 
the  interest  of  the  laymen  in  good  roads.  It  then  be- 
comes in  his  mind  a  matter  of  some  importance.  The 
papers  read  and  addresses  made  by  these  men  are 
given  space  in  the  local  papers  on  their  return  and 
the  reader  is  further  interested  and  enlightened  in  the 
matter  of  highway  construction  and  finance. 

The  Canadian  Good  Roads  Association  and  its  ex- 
ecutives are  to  be  congratulated  on  the  success  of  their 
convention  this  year  and  urged  to  begin  now' to  plan 
an  even  bigger  and  better  one  for  1923. 


INCIDENTAL  BENEFIT  FROM  HARD  TIMES 

There  is  little  likelihood  that  the  financial,  depression 
since  the  war  will  be  looked  upon  by  the  general  public 
as  a  blessing  in  disguise.  It  is  a  fact,  however,  that 
some  benefits  have  arisen  from  the  condition  in  the 
shape  of  public  improvements.  In  numerous  instances, 
much-needed  improvements  have  been  made  under  the 
stimulus  of  hard  times  with  the  main  object  of  pro- 
viding work  for  the  unemployed. 

In  England,  too,  where  the  unemployment  situation 
was  more  grave  than  in  the  United  States,  public  funds 
were  spent  to  give  work  to  the  men  out  of  work.  This 
policy  has  resulted  in  an  extensive  program  of  road 
improvement  an  example  of  which  is  the  North  Circu- 
lar Road  described  in  this  issue.  These  roads  which 
have  been  built  to  relieve  unemployment,  if  properly 
constructed,  will  remain  long  after  the  condition  which 
made  them  possible  has  been  forgotten. 
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THE  NORTH  CIRCULAR  ROAD 

(Continued  from  page  348) 
ditious.  This  question  was  considered  of  such  great 
importance  that  records  were  kept  and  it  was  found 
that  11.5  gal.  of  water  were  used  per  cu.  yd.  of  dry 
coarse  concrete.  For  the  top  course  using  the  finer 
aggregate,  19  gal.  per  cu.  yd.  were  used.  Broadly 
speaking,  the  concrete  on  this  job  was  laid  as  dry  as 
was  practicably  possible. 

The  concrete  was  mixed  in  a  Lakewood  mixer  of  ^ 
yd.  capacity  with  boom  and  bucket  for  distributing  it 
over  the  road  surface.  The  aggregate  was  brought  to 
the  mixture  in  wagons  which  contained  a  measured 
amount.  The  wagons  were  lifted  bodily  from  the  ad- 
jacent track  and  their  contents  tipped  into  the  shoe  of 
the  mixer  where  the  proper  amount  of  cement  was 
added.    The  water  was  added  in  the  mixing  drum. 

The  finishing  of  the  surface  was  done  by  a  Lakewood 
tamper  and  finisher  which  was  supported  on  either 
side  of  the  24-ft.  roadway  by  specially  constructed 
steel  forms  8  in.  high.  These  forms  were  in  10-ft. 
lengths  and  were  securely  locked  together  after  they 
had  been  set  for  line  and  grade.  As  a  very  highly  fin- 
ished surface  was  not  desired,  the  canvas  finisher  was 
hot  used,  the  surface  of  the  concrete  being  just  as  the 
tamper  left  it. 

The  levels  of  the  roadway  tliroughout  its  entire 
length  have  been  and  are  being  arranged  at  such  a 
height  as  will  allow,  if  required,  for  a  4-in.  pavement 
of  wood  blocks. 

It  was  not  possible  where  the  finishing  machine  was 
used  to  lay  the  curbs  monolithic  with  the  driveway. 
They  were  laid  after  the  roadway  was  completed  and 
the  side  forms  removed.  Tlic  depth  of  curb  was  12  in. ; 
the  width  8  in.  at  the  bottom  and  6  in.  at  the  top.  Ex- 
panded metal  reinforcement  in  12-in.  strips  was  laid 
in  the. vertical  center  line  with  expanded  joints  of 
tarred  felt  every  16  ft.  The  face  toward  the  road  was 
battered  Yi  in.  and  the  back  IJ^  in.  The  bottom  7  in. 
mixed  6  parts  2-in.  to  ^-in.  coarse  aggregate,  1  part 
J^-in.,  1  part  sand,  to  1  part  cement.  The  top  5  in. 
mixed  3  parts  >^-in.  coarse  aggregate,  V/^  parts  sand, 
to  1  part  cement. 

Section  3 
Section  3,  although  to  be  of  the  same  cross  section,  i? 
of  quite  different  type  of  construction  as  compared  with 
Section  1.  "While  the  latter  is  very  flat  in  its  grades, 
the  former  runs  along  the  side  of  a  hill  in  very  undulat- 
ing country.  The  grades  have  been  kept  as  flat  as 
possible  but  still  the  cut  and  fill  is  much  heavier  than 
in  Section  1. 

Unlike  Section  1,  the  foundation  of  Section  3  is 
formed  for  the  greater  part  of  its  length  of  6  in.  of 
well-burnt  clinkers.  Also,  owing  to  various  reconstruc- 
tion works  in  the  vicinity,  it  has  been  possible  to  obtain 
at  no  cost  1,000  loads  of  old  concrete  which  has  been 
used  in  connection  with  these  clinkers  and  forms  a 
very  reliable  foundation  for  the  concrete.     The   old 


concrete  has  been  broken  to  pass  a  l-in.  ring,  hand 
laid  on  a  bed  of  clinkers,  and  the  whole  thoroughly 
consolidated  to  a  total  depth  of  6  in.  and  well  rolled 
to  the  proper  curvature.  The  steel  reinforcement  to 
be  used  in  this  section  is  the  B.  B.  C.  fabric  No.  9.  The 
concrete  will  be  similar  in  composition  and  metliod  of 
laying  to  that  in  Section  1. 

Drainage 

The  drainage  of  the  concrete  roadway  on  both  sec- 
tions is  by  means  of  gullies  which  are  constructed  off 
the  line  of  the  road,  the  curbing  being  returned  around 
the  gully  gi'ate.  Section  1  traverses  a  housing  tract 
where  all  provisions  had  been  made  for  drainage  but 
in  the  construction  of  Section  3  provisions  had  to  be 
made  for  draining  265  acres  of  pasture  land  through 
which  the  road  cuts.  Such  provision  provides  for  about 
two-thirds  of  this  acreage  being  fully  developed  by 
houses  and  roads.  All  natural  ditches  and  water- 
courses have  therefore  been  culverted  in  of  sufficient 
cross-sectional  areas  and  grades  to  cope  with  present 
and  the  future  drainage.  In  all  probability  and  in 
the  near  future,  a  main  sewer  will  be  constinacted  for 
the  greater  length  of  the  road  as  far  as  the  levels  will 
permit  which  will  give  effective  drainage  to  this  dis- 
trict when  it  becomes  developed.  Provision  lias  been 
made  for  electrical  mains  and  other  pipes  under  the 
concrete  driveway  where  crossings  are  likely  to  be 
made  so  that  the  surface  will  not  have  to  be  disturbed. 

Careful  cost  records  have  been  kept  and  an  inter- 
esting matter  of  record  is  the  fact  that,  when  the  num- 
ber of  men  employed  was  incirased  to  furtlier  relieve 
the  unemployment  situation,  the  cost  of  excavation  in- 
creased. After  noting  these  costs  for  a  few  weeks,  the 
force  was  reduced  and  the  costs  regained  their  normal 
economical  point. 

This  road  is  being  constructed  by  the  Middlesex 
County  Council  in  conjunction  witli  the  Ministry  of 
Transport.  The  engineer  for  the  council  is  Alfred 
Dryland,  Esq. 


ASKS  FOR  PATHS  ALONG  HIGHWAYS 

A  resolution  urging  the  state  higliway  commission 
to  constrvict  side  paths  along  the  state  highways  for 
the  use  of  pedestrians  was  passed  at  the  annual  meet- 
ing of  the  New  York  State  Motor  Federation  lield  re- 
cently at  Syracuse.  At  the  same  time  a  resolution  was 
passed  which  seeks  to  obtain  legislation  to  prevent  tlv 
parking  of  automobiles  within  200  ft.  of  curves  on 
state  highways  and  an  investigation  was  insti<?ated  to 
determine  the  feasibility  of  erecting  comfort  stations 
along  the  highways. 

Sangamon  County,  Illinois,  will  supplement  the  state 
road  building  program  by  constructing  this  year  11  mi. 
of  concrete  highway  at  an  approximate  cost  of  $300,- 
000. 

Jefferson  County,  Alabama,  is  engaged  in  building 
50  mi.  of  road  at  a  total  cost  of  $425,000.  The  money 
was  raised  by  a  bond  issue. 
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Calendar  ot  Coming  Meetings 

June  26-Jiily  1 — American  Society  for  Testing  Mate- 
rials— Twenty-fifth  annual  meeting,  Atlantic  City,  N.  J. 
Secretary,  C.  L.  Warwick,  Engineers'  Club  Bldg.,  Phila- 
delphia, Pa. 

August  4-5,  Texas  Highway  Association — General 
convention  at  Galveston,  Texas.  Secretary-treasurer, 
Room  1910,  F.  &  M.  Bank  Bldg.,  Fort  Worth,  Texas. 

Aug.  9-10 — Custer  Battlefield  Highway  Association 

— Annual  meeting,  Sheridan,  Wyo.     Secretary,  W.  D. 
Fisher,  Sheridan,  Wyo. 

Oct.  2-6 — American  Society  for  Municipal  Improve- 
ments— Annual  convention,  Cleveland,  0.  Secretary, 
Charles  Carroll  Brown,  St.  Petersburg,  Fla. 


CANADIAN  GOOD  ROADS  ASSOCIATION 

HOLDS  SUCCESSFUL  MEETING 

Delegates  from  every  province  of  the  Dominion  of 
Canada  to  the  number  of  about  150  journeyed  to  Vic- 
toria, B.  C,  to  attend  the  Ninth  Annual  Convention  of 
the  Canadian  Good  Roads  Association  which  was  held 
at  the  Empress  hotel  there,  June  12  to  15.  Included  in 
the  number  were  cabinet  ministers,  members  of  parlia- 
ment, highway  officials,  engineers  and  prominent  busi- 
ness men  from  all  parts  of  Canada. 

The  opening  session,  Monday  morning,  was  devoted 
chiefly  to  the  registration  of  the  delegates.  Addresses 
of  welcome  were  given  by  prominent  officials  of  British 
Columbia  and  of  Victoria  and  were  replied  to  by  S. 
L.  Squire,  a  past-president  of  the  association.  At  the 
close  of  the  session,  the  delegates  were  the  guests  of 
the  Victoria  Automobile  Club  at  a  luncheon  at  which 
the  president  of  the  club  introduced  the  question  of 
an  all  Canadian  coast  to  coast  highway. 

The  afternoon  session  opened  with  a  presidential 
address  by  Hon.  S.  J.  Latta,  Minister  of  Education  for 
Saskatchewan,  which  covered  a  broad  field  and  touch- 
ed on  all  the  legislative,  financial,  and  engineering 
problems  of  the  road  builder.  Mr.  Latta  spoke  of  the 
highways  as  a  definite  and  most  important  part  of  the 
transportation  system  of  a  country  and  advocated  the 
careful  planning  of  a  highway  system  that  would  fit 
in  with  railway  lines  so  as  to  do  the  greatest  good  for 
tlie  greatest  number  of  people. 

Prof.  K.  A.  Clark,  of  the  University  of  Alberta,  gave 
the  results  of  experiments  which  he  has  been  conduct- 
ing in  the  treatment  of  soils  in  a  paper  entitled,  "Ex- 
periments in  Improving  and  Maintaining  Prairie 
Roads."    The  experiments  had  to  do  with  reducing  the 


property  of  the  prairie  soil  to  absorb  water  by  the  ad- 
dition of  bituminous  material. 

A  paper  on  "Drainage  of  Prairie  Roads"  was  read 
by  H.  R.  MacKenzie,  Chief  Engineer  for  the  Province 
of  Saskatchewan.  It  dealt  with  surface  and  sub-drain- 
age and  the  construction  of  side  ditches  and  culverts. 
Mr.  MacKenzie  told  why  high  crowned  roads  are  not 
suitable  for  his  province  and  described  the  trouble  en- 
countered on  the  prairie  with  drifting  soil  which  an- 
nually fills  up  all  the  ditches. 

Germain  P.  Graham  of  Albany,  N.  Y.,  District  En- 
gineer of  the  Asphalt  Association,  gave  an  illustrated 
talk  on  the  use  of  asphalt  for  road  building. 

At  the  close  of  the  afternoon  session,  the  delegates 
were  taken  on  a  motor  trip  and  shown  the  interesting 
points  of  the  city  and  in  the  evening  they  were  enter- 
tained at  a  theatre  party. 

The  morning  session  Tuesday,  of  which  A.  J.  Dus- 
chatel.  Chief  Engineer  of  Outremont,  Que.,  was  chair- 
man, was  opened  by  an  address  by  A.  W.  Campbell, 
Commissioner  of  Highways  for  the  Dominion  Govern- 
ment, on  "Federal  Aid,  Its  Implications  and  Results." 
In  the  discussion  that  followed,  the  delegates  from 
British  Columbia  made  a  plea  for  extra  aid  to  cope 
with  the  greater  natural  obstacles  which  have  to  be 
met  in  that  province. 

A  very  interesting  paper  was  read  by  J.  D.  Robert- 
son, Deputy  Minister  of  Public  Works  of  Alberta,  on 
"How  to  Improve  Earth,  Clay  and  Sand  Roads."  This 
paper  gave  the  details  of  the  methods  employed  in  Al- 
berta for  grading  roads  through  both  prairie  and 
wooded  country  and  for  constructing  brush  and  cordu- 
roy roads. 

The  afternoon  session  began  witli  an  address  by  A. 
P.  Sandles  of  Columbus,  Ohio,  in  which  the  speaker 
set  forth  the  importance  of  good  roads  as  a  force  in 
building  up  a  nation  and  made  a  plea  for  the  construc- 
tion of  many  miles  of  less  expensive  highways  to  be 
kept  good  by  careful  patrol  and  maintenance  rather 
than  the  building  of  a  few  miles  of  costly  pavement. 

Hon.  H.  L.  Perron,  Minister  of  Highways  of  Quebec, 
outlined  the  highway  program  of  that  province  in- 
augurated in  1912  whicli  he  said  is  now  practically 
completed. 

James  Allen,  Supervisor  of  Highways  of  the  State 
of  Washington,  read  a  paper  on  "Portland  Cement 
Concrete  Roads"  which  appeared  in  the  June  14  issue 
of  "Good  Roads." 

Tlie  maintenance  and  repair  of  the  road  builder's 
plant  was  taken  up  in  interesting  fashion  in  a  paper 
on  "Road  Machinery"  by  F.  L.  MacPherson  of  the 
Department  of  Public  Works  of  Victoria. 
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At  the  close  of  the  session,  the  following  officers  were 
elected  for  the  ensuing  year: 

Honorary  president,  Hon.  S.  J.  Latta,  Regina ;  presi- 
dent. Hon.  J.  L.  Perron,  K.  C,  Montreal;  first  vice- 
president,  R.  T.  Kelley,  Hamilton;  second  vice-presi- 
dent. F.  L.  Fellowes,  Vancouver;  secretary-treasurer, 
6.  A.  MacNamee,  Montreal;  directors,  Jos.  Beaubien, 
Outremont;  H.  S.  Carpenter,  Regina;  Wm.  Findlay, 
Toronto;  George  Hogarth,  Toronto;  J.  D.  Robertson. 
Edmonton ;  P.  Pliillip.  Victoria ;  S.  R.  Henderson,  Win- 
nipeg; G.  F.  Pearson,  Halifax;  R.  D.  Patterson,  St. 
Jolin;  A.  M.  Rankin,  M.  P.  P.,  Collin's  Bay;  T.  J.  Ma- 
honey.  Hamilton ;  H.  H.  Shaw,  Charlottetown ;  P.  J.  A. 
Duschatel,  Outremont ;  P.  Gommery,  Vancouver ;  R.  H. 
Murray,  Halifax. 

The  Wednesday  morning  session  began  with  S.  R. 
Henderson,  President  of  the  Manitoba  Good  Roads  As- 
sociation, in  the  chair.  P.  Phillips  of  the  Department 
of  Public  Works  of  British  Columbia  described  the 
system  of  the  road  building  in  vogue  in  that  province. 
Mrs.  Mary  Ellen  Smith,  M.  P.  P.,  pointed  out  the 
great  natural  obstacles  to  be  dealt  with  in  British  Co- 
lumbia and  put  in  a  word  for  the  Canadian  national 
coast  to  coast  highway. 

The  subject  of  colonization  roads  was  taken  up  in 
a  paper  by  W.  F.  FuUerton,  Superintendent  of  Coloni- 
zation Roads  for  Ontario. 

AV.  C.  Cornell,  Manager  of  The  White  Company, 
Seattle.  Wash.,  presented  a  paper  on  "The  Maximum 
Weights,  Speeds,  Widths,  etc.  of  Motor  Trucks."  This 
paper  set  forth  the  truck  manufacturer's  view  of  the 
regulations  which  should  govern  the  use  of  motor 
trucks    on  the  highway. 

T.  J.  Mahoney,  Past  President  of  the  Ontario  Good 
Roads  As.sociation,  occupied  the  chair  at  the  afternoon 
session.  Hon.  J.  P.  Hartman  of  Seattle  was  the  first 
speaker.  His  subject  was  "Permanent  Highways." 
In  a  comprehensive  discussion  of  the  value  of  all-year- 
round  highways,  Mr.  Hartman  also  touched  on  the  all 
important  question  of  the  relation  between  the  railways 
and  highway  transportation.  He  gave  it  as  his  opin- 
ion that,  although  the  rail  lines  would  lose  business  to 
the  motor  trucks,  they  would  reap  a  greater  reward 
from  the  opening  up  of  new  country  and  the  foster- 
ing of  agricultural  industry. 

The  next  speaker  was  J.  A.  Duschatel  who  had  the 
subject,  "P'oundation. "  He  pointed  out  the  importance 
of  building  base  courses  of  permanent  character  so 
that  the  surface  alone  would  need  renewing. 

The  evening  was  given  over  to  a  banquet  at  which 
more  than  300  guests  were  present  and  which  was 
one  of  the  most  enjoyable  features  of  the  convention. 
The  Thursday  morning  session  was  opened  promptly 
by  the  presiding  officer,  Hon.  G.  S.  Henry.  The  first 
paper  was  read  by  John  S.  Crandall,  Consulting  En- 
gineer of  The  Barrett  Company  of  New  York,  on 
"Boadfl  and  Pavements  for  Average  Conditions."  The 
only  other  paper  read  at  this  session  Avas  on  "Road 


Dragging  and  Maintenance  Conditions,"  by  Hon.  H. 
S.  Cai-penter,  Deputy  Minister  of  Highways  for  Sas- 
katchewan. 

The  papers  presented  at  the  afternoon  session  wei-e 
not  discussed  in  order  that  time  should  be  left  for  a 
motor  trip  planned  by  the  entertainment  committee. 
These  papers  were  devoted  to  the  construction  of 
bridges  and  culverts  and  to  the  methods  of  financing 
road  construction. 

All  i>apers  and  discussions  were  of  the  utmost  inter- 
est. The  sessions  were  very  well  attended  and  the 
entertainment  offered  the  delegates  was  excellent.  All 
Avho  attended  left  feeling  that  it  was  the  best  conven- 
tion ever  held  by  the  association. 


A.  S.  T.  M.  ELECTS  BURGESS  PRESIDENT 

At  the  annual  meeting  of  the  American  Society  of 
Testing  Materials  held  at  Atlantic  City,  N.  J.,  June 
27,  Dr.  George  K.  Burgess,  chief  of  the  Division  of 
Metallurgy  of  the  U.  S.  Bureau  of  Standards,  was 
elected  president.  Other  officers  elected  were :  Dr. 
Wm.  K.  Walker,  vice-president;  D.  M.  Buck,  W.  M. 
Corse,  Dr.  W.  K.  Hatt  and  J.  R.  Onderdonk,  directors. 

PERSONAL  MENTION 

Major  L.  D.  Blauvelt,  chief  engineer  of  the  Colorado 
State  Highway  Department,  resigned  June  8,  after 
one  year  of  successful  management  of  the  affairs  of 
the  department,  to  become  chief  construction  engineer 
for  the  Moffat  Tunnel  Commission.  The  commission 
is  to  construct  a  6  mi.  tunnel  under  the  Continental 
Divide  and  the  work  is  to  start  at  once.  Major  Blau- 
velt is  a  graduate  of  Rutgers  College  in  New  Jersey. 
He  went  to  Colorado  following  his  graduation  in  1889 , 
and  became  identified  with  the  Colorado  Midland  rail- 
road. Later  he  was  engaged  in  the  location  and  con- 
struction of  the  Cripple  Creek  Short  Line  railroad  and 
mining  operations  at  Cripple  Creek.  In  1902,  he  be- 
came locating  engineer  for  the  Denver  &  Salt  Lake 
railroad  and  in  1910  became  chief  engineer  for  tliat 
road.  Governor  Slioup  appointed  him  as  head  of  the 
present  highway  department  following  the  passage  of 
the  present  liighway  law  of  Colorado  at  a  time  when  a 
complete  reorganization  of  tlie  department  was  neces- 
sary. Assistant  Engineer  Reedy  will  be  in  charge  of 
the  highway  department  until  a  successor  to  Major 
Blauvelt  is  appointed.  Governor  Shoup  has  not  indi- 
cated whom  he  will  select  for  the  position. 

Leroy  F.  Wertz,  assistant  chief  engineer  of  main- 
tenance of  the  Indiana  State  Highway  Department, 
has  been  appointed  chief  of  the  division  of  auditing 
to  succeed  John  D.  Williams  who  was  recently  made 
director  of  the  state  liighway  commission. 

Dr.  W.  K.  Ilatt,  Director  of  Highway  Research,  Na- 
tional Research  Council,  was  elected  a  director  of  the 
American  Society  of  Testing  Materials  at  the  business 
session  of  tlie  annual  meeting,  June  27. 
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CONTRACT  NEWS 


CONTRACTS    PENDING — REPORTED  IN   PREVIOUS   ISSUES 


See 
Date  of  GOOD   ROADS 

Letting  Issue  of 

ROADS   AND    STREETS 

7-10  Sacramento,  Cal.     Bit.  mac.  road.. 6-21 

7-  5  Spring-field,    111.      Various   roads. ..  .6-21 

7-  3     Angola.  Ind.     Gravel  road 6-21 

7-10     Belford.    Ind.      Gravel    road 6-21 

7-  5     Bloomfleld,    Ind.      Mac.    road 6-21 

7-  5  Boonv  lie.    Ind.      Broken    stone    and 

gravel    road    6-14 

7-  1     Brown.stown,  Ind.     Drainage 6-21 

7-  3  Canneit'on.  Ind.  Gravel  or  stone  road. 6-21 

7-  6  Columiiia  City,  Ind.  Gravel  roads.. 6-21 

7-  5  Crawfoid.sville,    Ind.      Gravel  road.. 6-21 

7-  0     Decatur.   Ind.     Stone  roads 6-21 

6-29     Fort    Wa.vne,   Ind.     .Streets 6-21 

7-11  Fort  Wayne,  Ind.     Concrete  road.. 6-21 

7-  3  Greencastle.    Ind.      Gravel    road.... 6-14 

6-30  Indianapolis.   Ind.     Concrete  road.. 6-14 

7-  5  Indianapolis,    Ind.      Bit.    or   cement 

concrete  road 6-14 

7-3     Kentland.  Ind.     Gravel  road 6-21 

7-5     Kokomo.    Ind.     Gravel   road 6-21 

7-  3     Knox.  Ind.     Various  lOads 6-21 


See 
Date   of  GOOD    ROADS 

Letting  Issue  of 

7-  3  Lawrencehurg.  Ind.     Stone  road... 6-21 

7-  5     Ixigansport,  Ind.     Gravel  roads 6-14 

7-  5     Madison,   Ind.     Various  roads 6-14 

7-  5     Marion,    Ind.     Two  roads 6-14 

7-5     Monticello,   Ind.     Gravel  r^^ad 6-21 

7-  5     Paoli,   Ind.     Two  roads 6-21 

7-  5     Princeton.    Ind.      Nine   roads 6-21 

7-3     Rensselaer.    Ind.      Two    roads 6-14 

7-15     Rensselai  r.    Ind.     Road 6-21 

7-  5     RoJkville.    Ind.      Gravel    road 6-21 

7-  3  .Shelliyville,  Ind.    Three  gravel  roads. 6-21 

7-3     Shoals,    Intl.      Four    roads... 6-21 

7-3     T  pton,    Ind.    Gravel    road 6-21 

7-  3  Valparaiso,  Ind.     Four  gravel  roads. 6-21 

7-  3     Versailles,   Ind.     Two  roads 6-21 

7-  o  Wabash,  Ind.     Hard  surface  road.  .6-21 

7-  5     Wash'ngton,    Ind.      Road 6-21 

7-  3  Williamsport.   Ind.     Gravel  road.... 6-21 

7-  5  Boston.     Mass.    Two    concrete,    one 

bit.   mac.   road 6-21 

7-  7  Bessemer,   Mich.     Bit.  mac.  road... 6-21 

6-30    Cadillac,    Mich.     Gravel   road 6-21 


Date  of  GOOD    ROADS 

Letting  |g,ue  of 

6-30  E.scanaba,  Mich.  Bit.  mac.  roads.. 6-21 
I-  6    Grand    Rapids,    Mich.    Concrete    or 

bit.   mac.    road 6-21 

7-  6     Iron  Mountain,  Mich.  Gravel  road.  .6-21 

7-6     Jackson,   Mich.     Grading 6-21 

7-12  L'Anse,  Mich.  Grading  &  draining. 6-21 
6-30     Marshall,    Mich.      Concrete    or    bit. 

pavement    6-21 

7-  5  Munising,  Mich.  Bit.  mac.  road. '.'.'6-21 
711    .Sandusky,    Mich.     One   gravel,   one 

concrete   road 6-21 

6-30    Sunapee,   N.   H.   Bit.   mac.   road.'.  ;6-14 

BRIDGES   AND  CULVERTS 
7-  1     Yorkville,  III.     Concrete   bridge      ..6-21 

7-3     Versailles,    Ind.    Bridge    repairs 6-14 

6-30     Grand  Rapids.   Mich.  Con.  bridges     6-14 

7-  6     Riverview,    Md.      Bridge 6-14 

7-13     Chilicothe.    Mo.      Steel    bridges..      6-14 

6-30     Concord.  >f.  H.  Concrete  bridge 6-14 

7-  1  Cleveland,  Ohio.  Concrete  viaduct. 6-14 
7-11  Williamsport,  Pa.  Concrete  bridge. 6-14 
7-11    Central  Ferry,  Wash.  Substructure. 6-14 


ROADS    AND   STREETS 


Bids    Asked    and    Prospective    Work 

Los  Angeles,  Cal. — Bids  will  be  received 
until  July  3  by  Bd.  of  Pub.  \Vks.  City  Hall 
for  the  construction  of  curbs,  gutters,  and 
sidewalks  and  grading  on  Maryland  St.  and 
portions  of  intersecting  streets.  Address  City 
Engr. 

Sacramento,  Cal. — Bids  will  be  received 
until  July  3  by  State  Highway  Comn.  for 
the  construction  of  10.8  mi.  of  concrete  pav- 
ing in  Santa  Barbara  Co.;  3.2  mi.  of  con- 
crete and  5.6  mi.  of  asphaltic  concrete  sur- 
face with  cement  concrete  shotilders  in 
Orange  Co.  Address  Austin  B.  Fletcher, 
State  Highway  Engr. 

S,acramento,  Cal. — Bids  will  be  received 
until  July  17  by  State  Highway  Comn.  for 
the  construction  of  11.3  mi.  of  road  in 
Plumas  and  Lassen  Cos.  involving:  71,000 
cu.  yd.  excav.;  225  cu.  yd.  class  A  concrete; 
990  lin.  ft.  12-in.  corr.  metal  pipe;  150  lin. 
ft.  18-in.  corr.  metal  pipe;  104  lin.  ft.  21-in. 
corr.  metal  pipe;  92  each,  hauling  and  set- 
ng  monuments.     Addre.ss  Austin  B.   Fletch- 

r.   State  Highway  Engr. 


K 


Denver,  Col. — Bids  will  be  received  until 
July  5  by  U.  S.  Dept.  of  Agriculture  at 
Custom  House  for  the  construction  of  2.585 
mi.  national  forest,  of  road  in  Crook  Co., 
Wyo.,  involving:  14.5  acres  clearing  and 
grubbing;  6  036  cu.  yd.  rock  excav.;  22.037 
cu.  yd.  common  oxcav. :  4  000  sta.  yd.  over- 
haul; 2. '585  mi.  finishiim;  67  cu.  yd.  cement 
rubble  masonry:  332  In  ft.  15-in.,  180  lin.  ft. 
18-in.,  174  lin  ft.  24-in.  corr.  metal  culverts; 
745  lin.  ft.  rustic  guard  rail;  one  20-ft.  log 
bridge  and  1.500  sq.  ft.  log  cribbing.  Ad- 
dress J.   W.   John.son,    Dist.   Engr. 

Denver,  Col. — Bids  will  be  received  until 
July  7  b.v  State  Highway  Dept.  for  grading 
10.526  mi.  of  road  between  Norwood  and 
Naturita.  est.  $62,918;  for  gravel  surfacing 
5.414  mi.  between  Hayden  and  Mt.  Harris. 
eat.  $57,918.  .Vddress  L.  D.  Blauvelt,  State 
Highway   Engr. 

Atlanta,  Ga. — Bids  will  be  received  until 
July  3  by  J.  N.  Landis,  City  Hall,  for  paving 
various  streets.  Addrcs.s  H.  I>.  Collier,  City 
Engr. 

Peoria,  III. — Bids  will  be  received  until 
June  30  by  Co.  Clk.  for  furnishig  approxi- 
mately 500,000  gal.  road  oil.  Address  W.  E. 
Emery,    Co.   .Supt.    of   Highways. 

Bloomlngton,  Ind. — Hids  will  be  received 
until  July  5  V)y  Bd.  of  Comrs.  of  Monroe  Co. 
for  grading,  draining  ami  paving  with  gravel, 
macadam,  concrete,  brick  or  stone  a  certain 
highway.     Address  Horn  re  Blakely,  Co.  Aud. 


Des  Moines,  la. — Bids  will  be  received  un- 
til July  3  by  City  Council  for  the  construc- 
tion of  concrete  curbing  on  York,  W.  12th 
and  E.  12th  Sts.,  3,791,  1,913.  and  2,524  lin. 
ft.  respectively.  Address  A.  E.  McGIothlem, 
City  Clk. 

Dubuque,  la. — Bids  will  be  received  until 
June  30  by  city  for  resurfacing  560  lin.  ft. 
of  street  with  bit.  macadam  and  154  ft.  with 
Asbestophalt.     Address  City  Mgr. 

Hastings,  Mich, — Bids  will  be  received 
until  July  7  by  State  Highway  Comr.  at 
Court  House,  for  grading,  draining,  and 
surfacing  to  a  width  of  16  ft.  with  class 
B  gravel  3.429  mi.  of  road  in  Hastings 
and  Caistleton  Twps.  and  3.136r  mi.  in 
Rutland  Twp.,  Barry  Co.  Address  Frank 
F.    Rogers,    State    Highway    Comr.,    Lansing. 

Manistlque,  Mich. — Bids  will  be  received 
until  July  6  by  State  Highway  Comr.  at 
Court  House  for  surfacing  4.131  mi.  of  road 
in  Doyle  and  Mueller  Twp.,  .Schoolcraft 
Co.  Address  Frank  F.  Rogers,  State  High- 
way  Comr.,    Lansing. 

Port  Huron,  Mich. — Bids  will  be  received 
imtil  July  6  by  State  Highway  Comr.  at 
Court  House  for  the  construction  of  0.947 
mi.  of  concrete  road  in  the  village  of  Marys- 
ville,  St.  Clair  Co.  .Vddress  Frank  F.  Rogers, 
State  Highway   Comr.,    Lansing. 

West  Branch,  Mich. — Bids  will  be  received 
until  July  12  by  the  State  Highway  Comr.  at 
Court  House  for  grading,  draining,  and  sur- 
facing with  16  ft.  gravel  and  18  ft.  concrete 
0.712  mi.  of  road  in  city  of  West  Branch, 
Ogenaw  Co.  Addi-c'^s  Frank  F.  Roger.s,  State 
Highway    Comr.,    Lansing. 

White  Pigeon,  Mich. — Bids  will  be  received 
until  June  29  by  .State  Highway  Comr.  at 
the  ofliee  of  the  \'illage  Clk.  for  surfacing  to 
width  of  18  ft.  with  top  course  gravel  0.824 
mi.  of  road  in  Rurr  Oak  Twp..  St.  Joseph 
Co.  Address  Frank  F.  Rogers,  .State  Higii- 
way    Comr.,    Lansing. 

Albany,  Mo. — Uid.s  will  be  recieved  until 
July  5  by  Gentry  Co.  for  grading,  construct- 
ing culverts,  etc.  on  2.803  mi.  of  road  W.  of 
Albany.    Address    Co.    Clk. 

Lebanon,  Mo. — Bids  will  be  received  until 
June  30  by  Lewis  Co.  for  grading,  construct- 
or 5.075  mi.  of  gr;iv('l  road  S.  W.  from  Leb- 
anon.     Address    Co.    Clk. 

Pinevllle,  Mo. — Bids  will  be  received  until 
July  7  by  McDonald  Co.  for  grading  and 
constructing  necessary  drainage  structures 
on  4.972  mi.  of  load  N.  from  Ander.'ion.  Ad- 
dress   Co.    Clk. 

Warrensburg,  Mo. — ^Bids  will  be  received 
until    July    5    by    Slate    Highway   Comn.    at 


Johnson  Co.  Court  House  for  the  construc- 
tion of  1.653  mi.  of  24-ft.  graded  earth  road 
east  and  west  from  Montserrat  involving: 
15,921  cu.  yd.  earth  excav.;  500  cu.  yd.  rock 
excav.;  116  cu.  yd.  concrete  masonry;  8,749 
lb.  rein,  steel;  147.5  lin.  ft.  15-in.  vit.  clay 
pipe.  Address  A.  C.  Lingley,  Div.  Engr., 
Kansas  City,  or  State  Highway  Coran.,  Jef- 
ferson City. 

Helena,  Mont.— .pids  w  II  be  received  until 
June  29  hy  .State  Highway  Comn.  for  the 
construction  of  3.87  mi.  of  road  between 
Butte  and  Anaconda.  Address  John  N.  Edy. 
Jh.    Engr. 

Elizabeth,  N.  J. — Bids  will  be  received  un- 
til July  5  by  Bd.  of  Freeholders  of  Union 
Co.  for  the  construction  of  5,567  ft.  of  Moun- 
ta  n  Ave.,  asphaltic  concrete  on  cement  con- 
crete base  .with  cement  concrete  curbs  and 
gutters;  10  374  ft.  of  Springfield  Ave.,  rein, 
concrete.    Address  Jacob  L.  Bauer,  Co.  Engr. 

Toms  River,  N.  J.^Bids  will  be  received 
until  July  7  by  Ocean  Co.  for  the  construc- 
tion of  12  921  sq.  yd.  of  rein  concrete  pave- 
ment on  Main  St.,  Barncjat;  and  17,600  sq. 
yd.  of  cement  concrete  pavement  in  Bor- 
ough of  Tuckerton.  Addre.ss  J.  M.  Abbott, 
Co.     Engr. 

Albany,  N.  Y. — Bids  will  be  received  un- 
til June  30  by  State  Highway  Comr.  for 
the  construction  of  2.23  mi.  of  road  from 
Tupper  Lake  toward  Piercefleld,  Franklin 
Co.,  est.  $72,485;  9.38  mi.  between  Old  De- 
Kalb  and  Heuvelton.  St.  Lawrence  Co.,  est. 
$239,179;  5  mi.  from  Watkins  toward  Hec- 
tor.     Address    State    Highway    Comr. 

Albany,  N.  Y. — Bids  will  be  received  un- 
til July  3  by  Bd.  of  Contract  and  Supply 
for  the  improvement  of  various  streets.  Ad- 
dress City  Engr. 

Rome,  N.  Y. — City  plans  improvement  of 
streets  to  cost  $106,885.  Address  J.  L. 
Plunkett,  City  Engr. 

Burlington,  N.  C. — Bids  will  be  received 
until  June  29  by  city  for  the  construction 
of  approximately  13,000  sq.  yd.  concrete  side- 
walk. Address  The  Ludlow  Engineers,  Win- 
ston-Salem. 

Dayton,  Ohio— Bids  will  be  received  until 
July  1  by  Van  Buren  Twp.  for  the  con- 
struction of  sidewalk,  curb  and  gutter  on 
both  sides  of  Wilmington  Pike  from  East 
Drive  and  Indian  Riffle  Rd.  to  Marshall 
Rd.     Address  Clark  Powell,  Twp.  Clk. 

Hamilton,  Ohio — Bids  will  be  received  until 
July  7  by  Bd.  of  Co.  Comrs.  for  the  con- 
struction of  gravel  road  at  .Smith-Wampach 
farms.     Address  C.  Z.  Mikesell,  Secy.-CIk. 


M 


GOOD    ROADS 


June  28,  1922 


Special 
Road  Building  Equipment 

1—6  Ton  Buffalo  Pittsburgh  Tandem 
Roller. 

1—3  wheel  KeUy-Sprlngfleld  Road  Rol- 
ler. 

2 — 600  Gallon  Kinney  Pressure  Dis- 
tributers. 

1 — Asphalt  Plant,  suitable  (or  repair 
work. 

1 — 60   H.   P.   Erie   Economic   Boiler. 

1 — 100   H.   P.    Nagle   Locomotive    Boiler. 

1 — 10  E.  Foote  Road  Paver,  with  Gas 
En^ne. 

1 — 14  E.  Koefarins  Mixer  with  steam 
power.  Boom  and  Buckets — ^Like 
New. 


W.  B.  SPENCER 

30  Church  St.      New  York  City 

Telephone:  Cortlandt  3828 


Reasonably  ROAD    BUILDING    PLANT 


Priced 


6  Model  3  Keystone  Shovels.  Shop  Nos. 
272.  290.  315,  346.  525  and  662:  all  with 
H    yd.   dippers. 

30.000  ft.  Lakewood  24  in.  gauge  SO  lb. 
portable  track.  16  ft.  sections,  with  turn- 
outs complete. 

4  LAkewood  1%  yd.  24  In.  gauge  V  body 
dump  cars,  extra  heavy  types.  Cat.  style 
No.   241. 

34  Lakewood  heavy  duty  batch  box  cars 
with  Hyatt  roller  bearings,  brakes,  and 
boxes. 

4  6-ton  24   in.  ga.  Whitcamb  Locomotives. 

4  6-ton  24   In.   ga.   Cummings   Locomotives. 

2  7V4-ton  24  in.  ga.  Baldwin  Locomotives. 
50  HP  4  cyl.  engmes,  self  starters,  elec- 
tric lights  and  signals.  Two  speeds 
either  direction,  gear  transmission,  mul- 
tiple disc  clutch.  Send  for  photo.  Guar- 
anteed  good   as   new. 

2  Multi-Foote  Pavers,  32  cu.  ft.  cap,  1 
steam — 1   gasoline. 

1  Foote  Paver,  Shop  No.  1484.  self  propel- 
ling, steam  driven,  2  bag  batch.  Over- 
hauled, ready  for  work. 

1  14E  Rex  Paver,  caterpillar  traction. 


1  No.    11    Koehring    Paver,    wheel    traction. 

3  Lakewood  sub-graders. 

1  7-ton    guy    derrick.    66    ft.    boom. 

1  7-ton  stiff  derrick,  60  ft.  boom. 

6  Lakewood    finishing   machines.    16    ft..    18 

ft.,    and   20   ft. 
1  10-ton    Bultalo-Pitts   steam   roller. 
1  10-ton  Austin  gasoline  road  roller. 

1  No.  9%  D  Acme  11x20  portable,  with 
folding  elevator  and  revolving  screens. 
Used  four  months  only,  and  since  over- 
hauled. 

1  Barber  Gveene  wagon  loader,  reversible 
traction  and  self-feeding  rotating  discs, 
driven  by  4  cyl.  Buda  gasoline  motor. 
New    1920. 

1  Type  B  Erie  shovel,  new  1917.    Rebuilt. 

1  35  HP  Farquhar  portable  boiler  and 
engine. 

1  Derrick  car.  8  wheel,  M.  C.  B. 

1  20-ton  8  wheel  Ohio  Crane.     60  ft.  boom. 

1  20-ton  Browning  Crane,  8  wheel,  50  ft. 
boom.     Will  rent. 

1  Ledgerwood  7x10  DC  DD  hoisting  engine 

and    boiler. 
1  Lambert  7x10  DC   DD  skeleton   hoist. 


READING  ENGINEERING  COMPANY,  Inc. 
154  Nassau  Street  New  York  City 


Springfield,  Oh!o — Bids  will  be  received 
until  June  30  by  State  Highway  Dcpt.  for 
the  construction  of  8.169  ft.  of  road:  16  ft. 
pavbment,  rein,  concreti',  est.  $45,257,  12  ft. 
bit.  macadam,  est.  $39,951.  Address  Leon  C. 
Herrick,    Director. 

Providence,  R.  I. — Bids  will  be  received 
until  July  5  by  State  Bd.  of  Pub.  Roads 
for  reconstruction  of  3.9  ml.  of  road  in 
Town  of  Charleston.  Address  Chairman. 
State    Bd.    of    Pub.    Rds. 

San  Angelo,  Tex. — Bids  will  be  received 
until  June  30  by  Tom  Green  Co.  for  the 
construction  of  13.43  mi.  macadam  and 
gravel  bRsa  and  15.43  mi.  asphalt  surfac- 
ing.     Addres.'i  J.    T.    Mathison.    Co.    Judge. 

B  d*    Received    and    Contracts    Awarded 

Bakersfletd,  Cal. — Kern  Co.  let  contract 
for  improving  rtted  near  Taft  Involving  67.- 
(01  /q.  ft.  8-in.  and  19  103  sq.  ft.  6-ln.  con- 
crete pavement.  1,580  cu.  yd.  excav.  and  300 
cu.  yd.  borrow,  to  Worden.  Wimmer  & 
Jones,  at  $29,153. 

Sacramento,  Cal. — State  H  ghway  Comn. 
received    t)id»  June  12  as  follows: 

For  erading  8.49  mi.  and  laying  5.1  mi.  con- 
crete pavement  between  Westerly  Boundary 
and  San  Luis  crc-ek  in  Merced  Co  :  Kaiser 
Paving  Co.,  Oakland,  $160,603;  Paclflc  Con- 
struction Co.,  San  Francisco,  $125,68$;  Bates 
*  Rogers  Constr.  Co.,  l«a  Banos  $168,576: 
Dillon.  Patterson  &  Downs,  Ix>8  Angeles 
$225  565:  J.  A.  Costelk)  Jr.,  San  Francisco. 
$147,777:  Banco  A  Taylor,  Vallejo,  $135,384; 
C.  H.  &  A.  W.  Gorrlll,  .San  Francisco.  $160.- 
M(:  John  Djyle.  San  Jose,  $196  834:  Fred- 
rickson  A  Shannon.  Frenno.  $149,116;  War- 
ren f'onslr.  Co.,  Oakland.  $135  532:  Bates  A 
Borl.ind  Oakland.  $162  007.  State  to  furnish 
materials,   total  $39,686. 

For  the  construction  of  12  26  ml.  concrete 
road  between  San  iMiii  Creek  and  Los 
Banos;  John  Doyle,  $282,470;  Bate.4  &  Rogers 
Constr.  Co.  $246  976;  Dillon.  Patterson  A 
Downs.  $269  984:  Kaiser  I>avlng  Co,  $320,749; 
Bates  A  Borland  $239,084;  Isbell  Constr. 
Co..  Fresno,  $332,783:  Blanco  A  Taylor.  $216,- 
SSO;  Johnson  Contr.  Co.,  Portland.  Ore.. 
|24<.7n;   Bonnell.  Sarace  A  Fenn,   Tacoma, 


Wash.,  $260  491;  General  Const.  Co.,  San 
Francisco,  $303  013.  .State  to  furnidh  mate- 
rials,   total    $93,152. 

For  grading  3.39  mi.  and  paving  with  con- 
crete 17.36  mi.  of  road  between  Westerly 
Boundary  and  Lo.s  Banos;  Southwest  Paving 
Co.,  Los  Angeles,  $404,661;  Kaiser  Paving 
Co..  $454,055;  Ulumenkranz  &  Vernon,  Stock- 
ton, $413  719;  Blanco  &  Taylor,  $346,832;  Bon- 
nell. Savage  &  Fenn,  $455  794:  General  Con- 
struction Co.,  $533,858;  Bates  &  Rogers,  $383,- 
224.  State  to  furnlah  materials,  total  $32.- 
991. 

For  grading  and  surfacing  with  gravel 
16.63  mi.  of  road  between  Trinidad  and 
Freshwater  Lagoon  in  Humboldt  Co.;  Pacific 
Constr.  Co.,  $439,211;  P.  L.  Burr,  San  B'ran- 
clsco.  $465,350;  Johnson  Contracting  Co. 
$598,362;  M(  r  er  Frazer  Co..  $503,106;  Betch- 
el  &  Engelhart.  San  Francisco,  $47-1,179: 
■Rajotte  Winters  inc..  tSjwkane.  Wa:4h., 
$470,932;  A.  J.  Fairbanks,  Willit.s.  $470,962; 
Erickson  Peterson  Grier  Co.,  San  Fran- 
cisco $500,02):  Ralph  McLeran  &  Co.,  San 
Franci.ico,  $448  950;  Palmer  &  McBiyde,  San 
Francisco,  $498  552  State  to  furnish  mate- 
rials,   total    $rS,626. 

For  grading  8.041  ml.  between  Johnston- 
vllle  and  Jancsville;  Dodg'e  Bros..  &  F.  W. 
Dudley,  Fallon.  Nev..  $48,118:  Warren  Constr. 
Co..  $37,056:  J.  Wilmshurst,  San  Francisco 
$45,669:  Wemple  &  Riddels  Su.sanville,  $50.- 
782;  Jes.^e  L.  Franklin  Stockton,  $52.- 
311.  State  to  furnish  materials,  total  $5,- 
552. 


BKroCES    ANB    CUIjVERTS 


Bids   Asked    and    Prospective   Work 

Lawrenceburg.  Ind. — ^Blds  will  be  re- 
ceived until  July  3  by  Dearborn  Co.  for  the 
construction  of  a  concrete  bridge  over 
I^eatherwcod  Creek  in  York  Twp.  Address 
Arthur  E.   Jackson.   Co.  Aud. 

Na«hvltle,  Ind — Bids  will  be  received  un- 
til July  3  by  Brown  Co.  for  the  construction 
of  3  br'dges,  102,  90.  and  30  ft.  span.  Address 
B.  S.  Moser,  Co.  Aud. 

Rockvllle,  Ind. — Bids  will  be  received  un- 
til July  5  by  Parke  Co.  for  the  construction 


ot    one    culvert    and    two    bridges.      .Address 
R^lph  E.  Porter,    Co.   Aud. 

Versa'lles,  Ind. — Bids  will  be  received  un- 
lil  July  3  by  Rip'.ey  Co.  for  the  repair  of  a 
bridge  in  Adams  Twp.  .\ddress  W.  D.  Rob- 
inson,  Co.  Aud. 

Denlson,  la. — B  ds  will  be  received  until 
June  30  by  Crawford  Co.  for  the  construc- 
tion of  various  bridges  and  culverts.  Ad- 
dress   Co.    Aud. 

Des  Moines,  la.— -B:d'=  will  be  received  un- 
til July  3  by  Polk  Co.  for  raising  south  end 
of  Valley  Junction  bridge.  Address  Co. 
Aud. 

Eldora,  la. — Bids  will  be  received  until 
July  6  by  Hardin  Co.  for  the  construction 
of  a  140-ft.  span  re'n  concrete  bridge  over 
the    Iowa    River.      Address    Co.    Aud. 

Toledo,  la. — Bids  will  be  received  until 
June  30  by  Tama  Co.  for  the  construction 
of   28   box   culverts.     Address   Co.    Aud. 

Washington,  la. — B:da  will  be  received  un- 
til July  6  by  Washington  Co.  for  the  con- 
struction of  one  slab  bridge  and  41  cul- 
verts.     Address   Co.   Aud. 


OFFICIAL  PROPOSALS 


HIGHWAY  WORK 
Notice  to  Contractors 

STATE    OF    MARYLAND 
State    Roads    Commission 
SEALED     liiOl'OS.VLS     for     buiWint,'    five 
sections  of  Slate    Highway,   as   toIlowK: 
Carroll    Oounty— Contract    OL-39.      One    sec- 
tion   of    State    Highway    from    Elders- 
burg    to    Freedom,    a    di.^tance    of    2.0 
miles.         (Concrete.) 
Frederick  County — Contract  F-55.     One  sec- 
tion   of   Slate    Highway    through    Em- 
mitsburg,     a     distance     of     0.53     miles 
(Concrete.) 
Howard    County— Contract    HO-22.    One    see- 
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UUUU      KOAD8 


INSTRUMENTS  arid  SUPPLIES 

for 

Engineers  —    Surveyors  —    Draftsmen 


KOLESCH 

TRANSITS  and  LEVELS 
can  be  depended  upon  for 
reliable  and  lasting  service. 
Engineers'  Drawing  Mater- 
ials,  Blue  Print  Papers,  etc. 


KOLESCH  &  CO. 


138  Fulton   Street,   New  York 


HIGGINS 

DRAWING  INKS 

AND    ADHESIVES 

at     Dealers'      Generally 

I  Chas.  M.  Higgins  &  Co. 

Manufacturers 
271  Ninth  St.  Brooklyn,  N.  Y. 

Branches:    CTiicago,    London 


This  section  is  working  profitably  for  others — why  not  for  youf 
Your  card  placed  here  will  tell  each  week  to  the  buying  power  in 
the    road    building    field    about    your    instruments    and    supplies. 


Accuracy  and  remarkable  wearing 
qualities  of  our  transits  and  levels 
are  due  to  proper  design,  good  ma- 
terial, high-grade  workmanship  and 
constant  supervision  during  every 
stage  of  construction. 

Every   requisite  for   Field   or   Office 

KEUFFEL  &  ESSER  CO. 

NEW  YORK  HOBOKEX.  N.  J. 

Chicago        St.  Louis        San  Francisco 

Montreal 


BUFF 


INSTRUMENTS 
BUFF  &  BUFF  CO. 

BOSTON.   MASS. 
Send    for    Catalog   40 
The   "Buff"    builds   the  best   railroads,    the 
largest     government     works,      the     deepest 
mines  and    the   longest   highways. 


A    SERVICE 
This  space  will  tell  the  Road 
Builders    of    America    about 
your  instruments  or  supplies. 


BERGER 

Monitor 
Transits  &  Levels 


C.  L.  BERGER  &  SONS 

BOSTON.  MASS.,  U.  S.  A. 


PROPOSAL  ADVERTISEMENTS 

for  Road  work  and  paving  construction  published  in 

GOOD    ROADS 

Are  sure  to  be  read  by  all  the  leading  contractors  engaged  in  such  work  in  the  United  States. 
GOOD  ROADS  is  the  only  publication  of  national  circulation  which  specializes  on  road  and  street  construc- 
tion and  maintenance;  its  is  the  recognized  authority  on  these  subjects. 


tion    of   State    Highway    through    Elli-  The    successful     bidder    will     be    required  the    following   Counties: 

cott    City,     a     distance    of    0.4     miles  to    give    bond,    and    comply   with    the    Acts       CATTAiRAUGUS (one    highway:     4  16) 

(Concrete.)  of   the   General   Assembly    of   Maryland,    re-       CHENANGO (one   highway:   8.82> 

Baltimore   County — Concrete   iS-52.    One    sec  .?pecting    contracts.  DEiLAWAiRJB. .  .  .(two    highways:    7.59    &    7) 

tion    of    State    H  ghway     from     Jack-  The  Commission  reserves  the  right  to  re-       MADISON (one     highway:     1.60) 

sonville    to    sweet    Air,    a    distance    of  Ject    any    and    all    bids.                                                   ST.    LAWRENCE (one    highway:    10.14) 

1.34     mile.s.     (Contract.)  BY   ORT>ER  of  the   State  Roads   Commis-       -WASHINGTON (one     highway:     0.62) 

St.    Marys    and    Charles    Counties— Contract  sion   this   l.ith  day  of  June,    1922.                                WYOMING (one     highway:     4.68) 

SM-17    and    CH-24.      One    section    of  j.   N.    MACKALL.               YATES (one    highway:     2.92) 

State     Highway     from     New    Market  j^.    jj.    STRUART.                                Chairman.  Also    for   reconstruction    of   the    following: 

towards    Dent.aville,    a    distance    of    4.0  Secretary.                                                            CHENANGO (one     contract:     1.27) 

miles.  (Gravel.)  ___^^^^^  Maps,  plans,  speciflcalions  and  estimates 
will  be  received  by  the  State  Roads  Com-  ,  may  be  seen  and  proposal  form.^  obtained 
mission,  at  its  offices,  601  Garrett  Build-  UI/^UIA/AV  Vi/dXtV  ^^  ^^^  office  of  the  Commission  in  Albany, 
ing,  Baltimore.  Maryland,  until  12  M.  niV»nW/\I  WV^IV^  N.  Y.,  and  also  at  the  office  of  the  Division 
Standard  Time  on  the  5th  day  of  July.  ^  Engineers  in  whose  division  the  roads  are 
1922,  at  which  time  and  place  they  will  NotlCe  tO  Contractors  'o  ^^  improved  or  reconstructed.  The  ad- 
be  publicly  opened  and  read.  dresses  of  the  Division  Engineers  and  the 
Bids  must  be  made  upon  the  blank  pro-  OFFICE  OF  STATE  COIVIIVIISiSION  OF  Counties  in  which  they  are  in  charge  will 
posal  form  which,  with  specifications  and  HIGHWAYS  be  furnished  upon  request, 
plans  will  be  furni.=hed  by  the  Commission  The  especial  attention  of  bidders  is 
upon  application  and  oa.^h  paiyment  of  SE.\LiED  PROPOSALS  will  be  received  called  to  "General  Information  for  Bid- 
$1.00.  as  hereafter  no  charges  will  be  per-  liy  the  undersigned  at  their  office.  No.  55  ders"  in  the  itemized  proposal,  specifications 
mitted.  Lanca-^ter    Street,     Albany,    N.    Y.,    at    one  and   contract   agreement. 

No    bids    will    be    received    unless    accom-  o'clock  p.   m.   on   Tuesday,    the   11th   day  of  HERBEJRT    S.    SISSON, 

panied   by  a   cirtifled   check  for  the  sum  of  July,    1922.    advanced    standard    time,   which  Commissioner. 

Five     Hundred     (.$500)     Dollars,     payable     to  i.s    twelve    o'clock    noon.    Eastern    Standard  J.  G.  FTNCH, 

the    State   Roads    Commission.  Time,   for   the   improvement  of  highways  In  Secretary. 
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George  C  Diehl 


U.  Am.  Soc.  C.  EL 

Oonsultlns  Ehicineer. 

5T5  EUlcott  Sq..  Buffalo.  N.  T. 


Dow  &  Smith 

A.  W.  Dow,  Ph.   B.  M..  Am. 
In»t.  Ch.  Eng.:   F.  P.  Smith. 
Ph.  B..  Am.  Soc.  C.  E. 
Chemical      Engineers.      Con- 
sulting  Paving   Engineers. 
Aaphalt.    Bitumens,    Paving, 
Hydraulic.     Cements.     Engi- 
neering  Materinls. 
131-3  East  23d  St.,  New  York. 

Walter  H.  Flood  &  Co. 

Paving  Laboratories. 
Asphalt,     Road     Oil.     Brick. 
Cement,  Wood   Bloclc  Creo- 
sote, on. 

Offices,  }2  Quincy  St. 
Laboratories,  742  E.  39th  St.. 
Chicago. 

J.  W.  Howard 

Consulting  Engineer. 
Roads  and  Pavements.  31 
years'  exi>erlence.  Specifica- 
tions Improved.  Laboratory 
Analyses  and  Tests.  Expert 
In  Valuation  and  Litigation. 
1  Broadway.  New  York. 


Pittsburgh  Testing  Laboratory 

Pittsbargh.   Pa. 

Inspecting    Engineers   and    Chemists 

ROAD  AND  PAVEMENT  SPECIALISTS 

We  test,  st  point  of  ibipment.  cement,  sand,  stone,  bituminous  materials, 

creosoted  block,  brick,  etc. 

We  place  paving   chemists  and   portable   laboratories  at   road    or  street 
site,   in  any  part  of   the  country. 
Offices  and  Laboratories  in  Principal  Cities- 


Robert  A.  Meeker 

M.  Am.  Soc.  C.  B. 
Consulting  Engineer. 
Roads,   Streets,   Bridges. 
790  Broad  St.,  Newark.  N.  J. 
527  Belvedere  Ave., 

Plalnfleld,  N.  J. 


If  you  are  an  Engineer  or 
Chemist,  your  business  card 
should   be   here. 

Clarence  D.  Pollock 

Mem.  Am.  Soc.  C.  E. 

Consulting    Engineer 
Pavements.  Highways.  Drain- 
age,   Sewerage,    Town    Plan- 
ning and   General   Municipal 
Problems. 

Reports.    Specifications,    Su- 
pervision. 
Park    Row   Bldg..   New  York 


Your    business    card 
here     will     pay     you 


Daniel  B.  Luten 

Designing     and     Consulting 
Engineer. 

Reinforced  Concrete  Bridges 
Exclusively.      Associate    En- 
gineers  in    Each   State. 
Indianapolis,    Indiana. 


Your  money  will  buy 
bigger  value  In  this 
classified   section. 


James    H.  MacDonald 

Consulting    Road   and    Pave- 
ment  Expert. 


State  Highway  Commissioner 
of  Connecticut  nearly  eigh- 
teen years.  Advice  given  on 
all  phases  of  road  building 
and  street  paving.  Consulta- 
tions on  specifications,  ma- 
terials and  methods.  Special- 
ty of  recommending  efficient 
and  economical  equipment 
and  plant.  Accurate  esti- 
mates for  contractors. 
Chamber  of  Commerce  Bldg.. 
New  Haven,  Conn. 


H.  Eltinge  Breed 

M.  Am.  Soc.  C.  B. 
Consulting  Highway  Engi- 
neer. Plans.  Organization. 
Construction  and  Mainten- 
ance of  Roads;  Court  Work. 
Reports,  Estimates;  Indus- 
trial Plant  Roadways. 
507  Fifth  Av..  New  York  City 


Your  Roads   are  Your  Advertising 

Do  they  make  friends  for  you 
or  do  they  create  critics  ? 

Warrenite-Bitulithic  Pavement 

Has  made  friends  for  hundreds  of  communi- 
ties, because  of  its  smooth,  lasting,  resilient 
surface— easy  riding  and  easy  on  tires  and  cars. 

Can  be  laid  over  any  suitable  existing  base  and 
will  give  service  superior  to  any  other  type. 


Service  and  Quality — Always  and  All  Ways 

WARREN  BROTHERS  COMPANY, 


Executive  Officest     9  Cambridge  Street 
Bowdoin  Square,  BOSTON.  MASS. 


New  York,  N.  T. 
Portland,  Ore((on 
St.  Ix>nla,  Mo. 


Winnipeg,  Man. 
\'ancouver,  B.  C. 
Ohicago,  ni. 


DISTBIOT    OFEIOBS: 

Phoenix,    Ariz. 
Utlca,  N.  Y. 
MlnneaiwUs,  Minn. 


Oakland,    Cat. 
Washington,  D.  C. 
Memphis,  Xenn. 


Los  Angeles,  Cal. 
Nevr  Orleans,  La. 
Toronto,  Ont. 
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Buy  from,  the  Largest  Dealers  in  the  United  States 
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SELECT  FROM  A«2,000,000  STOCK 

■sy  OF  GOVERNMENT  MERCHANDISE  ■s?>' 


\ 


Needed  Supplies  in 
Army  Goods 

No.  1704.  Gov't  Feed  Bags — 
Extra  heavy  canvas,  heavy  leather 
bottom,  60-in. adjustable  head  St  p. 
Price  per  dozen,  $3.00.  Cases  of 
50  bags,  $2.70  per  doz. 

No.  1816.  Government  Bunks — 
Real  Tiger  double  deck  bunks.  All 
steel.  Gov't  cost  between  $  1 0  and 
$15.  In  perfect  condition.  Price, 
each,  $4.50 

No.  1817.  Goverimient  Liberty 
Steel  CotsCollapsible,new.  Painted 
either  gray  or  black.  2  ft.  6  in.  by  6  ft.  4  in. 
Price  each,  $1.75 

No.  1 8 1 8.  Gov't  new  folding  Can- 
vas Cots —  Covered  with  30-ounce 

waterproof  khaki  Duck — on  a  hardwood 
frame.  Price,  per  doz.,  $32.50 

No.  154.  Gov't  Water  Buckets- 
Collapsible,  extra  heavy,  leak-proof  canvas. 
40  to  a  case.  Price,  doz.,  $3.60 

No.l  702.  Gov't  Waterproof  Duck 

—No.  6,  thought  to  be  30-oz.  wt.,  khaki 
color.  Comes  in  150  yard  bolts.  Price  F.O.B. 
Louisville,  Ky.,  or  Chicago,  per  yard  27,'  :iC. 
Less  than  bolt  lots,  35c 

No.  1 509.  Gov't  Sibley  Stoves- 
New.  Burn  wood.  Wonderful  heaters.  Coni- 
cal shape.  Price  each,  $1.00. 

No.  1810.  Gov't  Overalls  and 
Jumpers  —  Brand    new   in  originsd 

government  bales  of  50.  No.  220  Denim 
Overalls  bibless,  loops  for  belts  and  buttons. 
Sizes  up  to  44.  Jumpers  buttoned  or  slip- 
over Dungaree  style;  sizes  up  to  50.  Prices, 
per  dozen.  Overalls  $6.50;  Jumpers  $6.00 

No.  571.  Gov't  Roasters — heaviest 
black  iron.  Bakers,  Roasters  or  Drip  Pans. 
Extra  strong  and  reinforced.  Sizes  30x23, 
27x24,21x21,24x16,  22x11,  21x10. 
Prices,  any  size,  per  dozen,  $3.00 

No.  811.  Gov't  Stencil  Outfits— 

1  set  of  1-in.  alphabets,  1  set  of  1-in.  figures, 
1  set  of  1  H-in.  alphabets,  1  set  of  1/^-in. 
figures,  1  can  marking  paste,  1  marking 
brush — all  in  wooden  cabinet.  Price  com- 
plete, $1.00 

No.  807.  Gov' t  Stencils— 30  pieces 
— brass,  alphabets.  Price  per  set,  35c 

No.  805.  Gov'tStencils — 1 2  pieces 
— brass  figures  1  in.  long.  Price  per  set,  20c 

No.  1900.  Gov't  Hip  Boots— First 

quality  rubber.  Sizes  7  to  1 1 .  One  dozen  pairs 
to  case  of  a  size.  Price  by  the  case,  per  pair, 
$2.25.  10  dozen  lots,  2  dozen  of  each  size, 
per  pair,  $2,00. 

No.  84.  Gov't  Castile  Soap — Gen- 
uine imported  white.  In  4-lb.  bars,  18  bars, 
or  72  lbs.  to  the  case.  Price  per  bar,  60c. 
Per  case,  $9.00 


No.  1701.  Gov't  Carts  or  Trailers- 
New.  Strongest  ingenuity  could  produce. 
Every  conceivable  reinforcement  The 
box  is  8  ft.  long,  4  ft.  wide,  2 1  in.  deep, 
about  1 H  in.  thick.  Wheels  iron  covered 
and  about  3  in.  thick;  60-in.  diam.  with 
16  mcissive,  solid  spokes,  3  stakes  for 
canvas  cover.  Shafts,  chain  tugs,  seat, 
footboard,  back  chain  and  poles,  etc. 
Best  trailer  money  can  buy.  Gov't  cost 
about  $200.00.  Immediate  shipments, 
Price  F.  O.  B.  Hawthorne,  III.,  [Chicago 
suburb],  $25.00. 

No.  158.  Gov't  Pyramidal  Tents— 
Standeird  12  and  16  ounce  duck,  Army 
tents.  16  ft.  by  16  ft.,  3  foot  high  side 
wall.  1 1  ft.  high  at  center.  White  or  khaki. 
Reclaimed  but  guaranteed  perfect  Poles 
not  included.    Price,  $14. 

No.  1700.  Gov't  Tarpaulins— Gen- 
uine government  30  -  ounce  waterproof 
duck.  Heaviest  mfd.  Any  size  up  to  1 50 
xl50  ft   Sizes  below  always  in  stock. 

8  ft.  X  10  ft.  6  in.  .  -  -  -  $  5.60 

10  ft.  Sin.  X  12  ft.  -  -  -  -  8.40 

10  ft.  X  15  ft. 10.50 

12  ft.  X  14  ft. 12.25 

14  ft.  X  16  ft. 16.80 

16  ft.  X  20  ft. 22.40 

20  ft.  X  40  ft. 56.00 

Any  other  size  you  desire  at  7c  per  sq.  ft. 


Other  Army  Goods 
Values 


Government  Huck  Towels  —  All 

brand  new— bleached,  16x33.  No.  884,  per 
doz.,  $1.25.  Bleached  linen  finish,  hemmed 
ends,  17'/2x36.  No.  77,  per  doz.,  $1.37y2. 
Same  quality  but  extra  heavy,  17  x  33,  No. 
Memphis,  per  doz.,$1.50.  Heavy  bleached, 
1 7x35,  No.  537,  per  doz.,  $  1 .40.  Soft  fin- 
ished hemmed,  bleached,  17"/2x35,  No. 
Griffin, per  doz., $1.15.  Extra  heavy  bleach- 
ed,  hemmed,  17  x  38,  No.  1634,  per  doz., 
$1.30.  New  line.  Price  per  doz.  for  11  bales 
of  each  number,  6  doz.  to  bale,  $1.08 
F.  O.  B.  Atlanta,  Ga. 

No.  156— Gov't  Ponchos— Rub- 
berized, waterproof.  Reclaimed  but  perfect. 
50  to  bale.  In  bale  lots,  price  each,  75c 
Less  than  bale  lots,  85c. 

No.  99.    Gov't    Slickers  — Brand 

new  black  raincoats,  full  length,  sizes  to  46, 

$1.75 

No.  413.  Gov't  Mattress  Covers- 
Brand  new.  Extra  heavy  twill  muslin.  Indoz. 
lots,  price  each,  40c. 

No.  1710.    Gov't  Pup   TenU  — 

Heavy  khaki,  waterproof.  Complete  with 
poles,  each,  new,  $1.75.  Same  tent,  not 
new  but  good  condition,  90c. 

No.  171 1.  Gov't  Pup-Tent  Poles 

—New.  Best  quality.  Packed  720  to  case. 
Price  per  dozen  -----  60c 
Price  each  by  the  case  .  -  -  3  He 
Price  eachinlots  of  2,500  -  -  2V2C 
Price  each  in  lots  of  10,000  -  1  Kc 
Price  each  by  the  carload  -    -  1  Vx 

No.  1981.  Gov't.  Mess  Kits— Army 

style.  Reclaimed.  Aluminum  meat  cans, 
cover  and  handle.  Per  doz.,  $1.20. 

No.    1902— Gov't  Finest   Black 

Chrome  Leather  Navy  Boots,  17  inches 
high.  Sizes  7  to  12.   Per  pair,  $3.00. 

No.  152  —  Gov't  Class  B.  Khaki 

Breeches,  per  doz.,  $4.50. 

No.  1812.  Gov't  Navy  Wool  Un- 

derwear.  Medium  weight,  over  75%  pure 
wool.  Shirts  sizes  36,40,42,44.  Drawers  34, 
36,38,40.  Shirts  $6  per  doz., drawers,$5.50. 
No.  1 952.  Gov't  Heavy  Wool  Sox. 
25  dozen  to  bale.  Gray,  white  or  blue. 
Dozen.  $1.80. 

No.  1 963. Gov't  Reclaimed  Alumi- 
num canteens,  per  dozen,  $1.50. 

No.  567.  Gov't  Heavy  Duck  Pistol 

Belts,  per  dozen,  90c. 

No.  1 8 1 4.  Gov't  Rainproof,  Wind- 
proof  suits,  coat,  hood  and  trousers,  fasten- 
ing snug  at  wrists,  ankles,  waist  and  throat, 
$1.75  per  suit  in  cartons  of  2  small,  6  med- 
ium and  3  large  suits.  $3  each  in  smaller  lots. 

No.  1924  —  Gov't  Legrgings  and 

breeches  laces,  toughest  produced.  Good  for 
high  lace  shoes  and  boots.  Leggingslaces,  10 
gross  per  pack,  $1.00  per  gross.  Breeches 
laces;  5  gross  per  pack,  $3.72,  per  gross. 

No.439-Gov't  all  leather  blanket 

roll  straps.Reclaimed  but  perfect. Perdoz.60c 
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GALLANT  MERCANTILE  COMPANY 


TERMS:  Strictly  net  cash  — 
no  dating — no  ditcoant — mer- 
chandise returnable  if  not  sat- 
iafactory. 


111  South  Market  Street 

ChicEigo,  Illinois,  U.S. A. 


All  prices  F.  O.  B.  Chicago 
Unless  otherwise  stated 


Referertcem  Foreman  Bros.  Banking  Co. ,  Chicago^  or  any  Mercantile  Agency 


ORDER  BY  NUMBER  AS  WELL  AS  BY  NAMP 
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Directory  of 
New  England  Advertisers 


Universal  Road  Machinery  Co. 

BUILDERS    OF 

Reliance   Crushers,  Sweepers,    Oilers,    also  sell 

Tiffin  Line  Motor  Trucks,   Flashers,   etc. 
141  Milk  St              Room  724              Boston,  Mass. 

AMERICAN  TAR  COMPANY 

201    Devonshire    Street,    Boston 

Telephone   Fort   Hill    1887 

Kenned    tar    for   road   construction   and   preservation 

TARITE              TARINE              ROTAR 

Sl'niNGPIEI.D,     MASS.               '       MALDEN,     MASS. 
LOWELL,    MASS.                                MBRIDEN,   CONN. 

New  England  Road  Machinery  Co. 

15  So.  Market  St.,  BOSTON,  MASS. 

FACTORY  IN  BOSTON 

EVERYTHING  IN  ROAD  MACHINERY 

Repairs  In  .stock  for  all  Road  Machinery 

WARREN  BROTHERS  CO. 

MANUFACTURERS   OF 
BITULITHIC,    WARRENITE    and    BITUSTONB 

142  Berkley  St.                                             Boston 

IMPROVED  GRANITE  BLOCK  PAVING 

Has    a    smooth,    non-skidding,    non-slipping    surface. 
NO    REPAIRS— NO    MAINTENANCE 
Put    your   streets   in    shape.      The   life   and   prosperity   of    your   city 
demand  good  streets. 

BUILD  FOR  PERMANENCE 

Write  for  Booklet  and  Latest  Specifications  for  Laying 

Granite  Paving  Block  Mfrs.  Atsn.  of  the  U.  S.,  Inc. 

81  State  Street                                                         BOSTON,  MASS. 

American  Car  Sprinkler  Co. 

CONTRACTORS  FOR 

Electric  Car  Sprinkling  and  Flushing 

WORCESTER,  MASS. 

ROAD  BUILDERS 

Save    Time    by    Using 

TABLES   FOR  CALCULATING  THE 

CUBIC    CONTENTS    OF 

EXCAVATIONS   AND    EMBANKMENTS 

By  JOHN  R.   HUDSON.   M.  Am.   Soc.  C.   E. 

»T0.,  131  Pages                                                           Cloth  $2.00  Net 

BOOK  DEPT.  E.  L.  POWERS  COMPANY 
4«1   Eighth  Aye.                                                New   York 

The   Buffalo-Springfield    Roller   Company 

SOLE    BUILDERS  OF 

BUFFALO  PITTS  ROLLERS 

and 

STEAM  PRESSURE  SCARIFIERS 

L.  F.  BRYANT,  N.  E.  Agent 
3-4  Court  Square                                                        Boston,  Mass. 

Advertise  Your  Proposals  in  GOOD  ROADS 

IT  IS  THE  BEST  INSURANCE  FOR  COMPETITIVE  BIDS 


The  Austin- Western  Line 

"It  Serves  You  Right'' 


H«-ie  is  a  new  symb*!  of  service  to  road 
liiiildiTs.  the  guarantee-  and  pledge  of  the 
(Adi-.nt  and  largest  of  Road  Machinery 
ODmpanles — a  guarantee  that  every  ma- 
chine In  the  A-W  Line  ie  of  the  best  material  and  workman- 
ship and  will  give  you  absolute  satlBfaction,  and  a  pledge  thai 
real  iiTvlce  goes  with  each  machine  and  stays  with  It  during 
all    the   sears  of   Its    use. 

General  Catalog  21-K  Illustrates  and  describes  this  entire 
line  if  time-saving,  money-making  equipment.  Write  for  your 
copy  today. 

The  Austin-Western  Road  Machinery  Co. 

HO-ME  OFFICE  —  OHIOACK) 

Branches.    Warehouses    and    Service    Stations    in    23    Cities. 
"Ever>tlilnK  from  a  Vmu  .Scra|>er  lo  a  ICoad  Roller" 


INVESTIGATE 
Designs—  Specifications —Lay-outs 


-for 


Millwrighting — Patterns — Tanks  for  Any 
Purpose  of  Steel  or  Concrete — Piping — 
Lighting — Heating — Factory  and  Shop 
Buildings  —  Towers  —  Water  Power — 
Water  Supply  Systems. 

Peerless  Engineering  Co. 

Designing,  Mechanical  Lubricating  Engineers 

Box  859,  CINCINNATI,  OHIO 
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Acme  Four-Cylinder  MotorfRoad  Roller 


PIECEMEAL  BUYING— 

Do  you  realize  what 
it  cosfs  you  ? 

When  you  buy  a  Road  Roller,  Crusher  or  a  Grader  at  a 
"bargain"  price  it  does  not  follow  that  you  save  money. 
— Because  every  item  of  equipment  on  the  road  job  must 
work  smoothly  with  every  other  item  in  order  to  secure  full  efficiency. 

When  you  let  the  contract  for  a  COMPLETE  ACME  PLANT  you  get  more  than  merely  in- 
dividually efficient  pieces  of  equipment. 

You  get  a  complete  plant  that  works  together  as  a  UNIT.  We  guarantee  the  economical  and 
satisfactory  operation  of  your  ACME  plant  as  a  whole — we  are  prepared  to  work  with  you  to 
the  end  that  your  road  work  goes  along  in  the  most  econom- 
ical and  efficient  manner.  Write  us.    Let  us  tell  you  about  the 

complete  ACME  LINE,  and 
the  many  advantages  of  the  in- 
dividual items  of  Acme  equip- 
ment.        Write  for  Catalog. 


Vise:,  "^ 

Acme  Portable  Stone  Crusher 


Acme  Road  Machinery   Co. 

Frankfort,  New  York 

DistributinK  Warehouses  in  All  Principal  Cities 


Acme  Steam  Roller 


.R© 


I 


GLUTRIN  ROAD  BINDER 

If  applied  to  the  surface  of  a  gravel,  sand-clay,  or  earth  road, 
will  furnish  a  strong,  hard  surface  and  reduce  maintenance  costs 
to  a  very  low  figure. 

If  used  in  the  puddle  of  stone  or  slag,  will  very  greatly  increase 
the  bond  and  lengthen  the  life  of  the  road. 

A  stone  road  puddled  with  glutrin  will  produce  the  cheapest 
base  for  any  wearing  coat  desired. 
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jBUYERS'   DIRECTORY 

A  classified  directory  of  manufacturers  of  machinery,  materials  and  tools  used  in  the 
construction,  repair  and  maintenance  of  roads  and  streets. 

Alphabetical  list  of  advertisers  will  be  found  on  page  38. 


AsphaH 
Headley    Good    Roads    Co. 
Standard  Oil  Co.  of  Ind. 
BUndard  Oil  Co..  of  N.  T. 
Warr«n  Broa.  Co. 


Asphalt    Machinery 

Acme  Road  Machry.  Co. 


Blcomac    Pavements 

Headley    Good    Roads    Co. 


Bins,     Portable 
Acme   Road    Mchry.   Ca 
Austin-Western    Road    Mchry. 
Co. 


iltullthic     Pavements 
Warren    Bros.    Co. 


Bituminous  Pavements 

(See  Pavements,  Bituminous) 


Blades,    Road    Machine 
Acme  Road  Mchry.  Co. 
Austin-Western   Road   Mchry. 
Co. 


Blasting  Accessories 
Du  Pont  de  Nemours  *  Co., 
Inc..  E.  L 


Concrete  Mixers 

(See  Mixers.  (Concrete,  BJtn- 
mlnouk  and  Mixers.  Con- 
crete. CementJ 


Contractors'    Equipment 
(New   and   Second   Hand> 
Gallant  Mercantile  Co. 
Reading  Endneerlnc  Co..  Inc. 
Spencer.   W.   B. 


Conveyors,   Belt 
Acme  Road  Mchry.  Co. 


Conveyors,   Portable 
Acme  Roaxl  Mchry.  Co. 


Crushers,    Rock 
Acme   Road   Mchry.   Co. 
Atutln- Western   Road    Mchry. 

Co. 
Unlrersai  Road  Mchry,  Co. 


Culverts,   Corrugated    Metal 
New  England  Road  Machinery 
Co. 


Oil,     Tar     and 


Distributors. 

Asphalt 
American  <:ar  Sprinkler  <3o. 
Austin-Western    Road    Mchry. 

Co. 
Kinney  Mfc.  Co. 


Damp  Wagons 
Acme  Road  Mchry.  Co. 
Austin-Western   Road   Mchry. 
Co. 


Oust    Layers 

Barrett   Co..    The 
DustoUne    for    Roads    Co. 


Elevators    and    Screens 
Acme    Road    Mchry.    Co. 
Austin-Western    Road   Mchry. 
Co. 


Engineers,    Consulting 
Breed.  H.  Bltin^e 
DIehl.    Geo.    C. 
Dow   &    Smith 
Flood    &   Co..   Walter  H. 
Howard.    J.   W. 
Luten,    D.    B. 
MacDonald,    Jas.    H. 
Meeker.    R.    A. 
Peerless    Engineering   Co. 
Pollock,   Clarence  D. 


Explosives 
Du  Pont  de  Nemours  &  Co., 
Inc.,  E.  L 


Filter,   Bituminous 

Standard  Oil   Co.   of  Ind. 
Standard  Oil  Co.  of  N.  T. 


Flushers,    Street 

Acme  Road   Mchry.   Co. 
Austin-Western   Road   Mchry. 

Co. 
Kinney    Mfgr.    Co. 
Universal   Road   Mchry.   Co. 


Qlutrln    Pavements 
Robeson    Process   Co. 


Qraders,    Elevating 

Acme    Road    Mchry.    Co. 
Austin-Western   Road  Mchry. 
Co. 


Qraders,   Roaa  and  Street 
Acme  Road  Mchry.  Co. 
Austin-Western   Road   Mchry. 

Co. 
Koehrlng  Co. 
New    England    Road    Mchry. 

Co. 
Universal  Road  Mchry.  Co. 


Heaters,    Tar    &    Asphalt 
Kinney   Mfg.    Co. 


Instruments  and  Supplies 
Berger  &  Sons,  C.   L.. 
Bonncy    Supply    Co. 
Burt    &    Buft   Co. 
Hlgglns   &    Co.,    Chas.    M. 
KeulTel    A   Esser   Co. 


Kettles,    Melting 
Kinney  Mfg.  Co. 


Loading  and  Unloading  Devices 
Acme   Road   Mchry.   Co. 
Austin-Western   Road   Mchry. 

Co. 
Bonney  Supply  Co. 


Locomotives,    Gasoline 
Acme  Road  Mchry.  Co. 


Mixers,  Hot 
Koehrlng  Co. 


Mixers,    Paving 
Koehrlng  Co. 


Pavements,    Bituminous 
Headley  Good  Roads  Co 
Warren    Bros.    Co. 


Paving    Block,   Granite 
Granite    Paving    Block    Mfrs. 
Assn.   of  the  U.   S. 


Paving     and     Repair    Plants, 
Bituminous 
Warren    Bros.    Co. 


Plows  and  Scarifiers,   Road 
Acme    Road    Mchry.    Co. 
Austin-Western    Road   Mchry. 
Co. 


Powder 
Du  Pont  de  Nemours  &  Co., 
Inc..  E.  I. 


Pulverizers 
(See  Crushers.  Rock) 


Reinforcing     Material,    Concrete 
American   Steel  &  Wire  Co. 


Repair   Plants 
(See      Paving      and      Repair 
Plants.   Bituminous) 


Road   Qraders 

(See  Graders.   Road) 


Road  Oilers 

(See    Distributors,    Oil.    Tar 
and  Asphalt) 


Road  Oils 
(See  Asphalt) 


Road    Planes 
Koehrlng  Co. 


Rollers 
Acme  Road  Mchry.  Co. 
Austin-Western    Road   Mohry. 

Co. 
Buftalo-Sprlngfleld  Roller  Co. 


Rope,  Wire 
American    Steel   &   Wire   Co. 


Screens  and    Elevators 

(See  Elevators   and  Screens) 


Spraying   Machines,  Oil,  Tar 
and  Asphalt 
(See    Distributors,     Oil    Tar 
and   Asphalt.) 


Spreading    Wagons 

Acme  Road   Mchry.  Co. 
Austin-Western    Road   Mchry. 
Co. 


Sprinklers 

(See  Sweepers  &  Sprinklers) 


Sprinklers    and    Road    Oilers 
Kinney  Mfg.  Co. 


Stone    Crushers 

(See  Crushers  Rock) 


Street  Cleaning   Machinery 

Austin-Western    Road    Mchry. 
Co. 


Street  Qraders 
(See     Graders, 
Street) 


Road     and 


Sweepers  and  Sprinklers 
Acme  Road  Mchry.  Co. 
Austin-Western    Road   Mchry. 

Co. 
Kinney  Mfg.  Co. 


Tar 

.American   Tar   Co. 
Barrett  Co.,  The 


Tarvia    Pavements 
Barrett  Co.,  The 


Testing     Laboratories 
Dow    &    Smith 
Flood    &    Co..    Walter   H. 
Howard,   J.  W. 
Pittsburgh     Testing     Labora- 
tory 


Tractors 
Best  Tractor  Co..  C.  L, 


Trucks.   Motor 

Pierce-Arrow  Motor  Car  Oo. 


Unloading    Devices 

(See  Loading  and  Unloading 
Devices) 


Warrenlte    Pavements 
Warren    Bros.   Co. 


Drawing   MaWrlala 
Hicdns  *  Co..  Chas.  M. 
Keuffel  ft  Esser  Co. 


Mixers,  Concrete,  Cement 
Acme  Road  Mchry.  Co. 
Koehrlng  Co. 


Scrapers,    Drag    and    Wheel 
Acme  Road    Mchry.   Co. 
Austin -Western   Road   Mchry. 
Co. 
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Build 


Think  of  the  Future 

T  IS  reasonable  to  expect  that  repairs  will  be  necessary  on  any 
road  that  is  in  constant  use  for  seven  years. 

The  road  illustrated  above  was  built  of 

Stanolind  Paving  Asplalt  "C" 

(Penetration  Method) 

during  191 5,  it  has  been  in  con>.:ant  use  ever  since — but,  not  one  cent 
has  been  required  for  repairs.  Consider  that  when  you  are  thinking 
about  a  new  road. 

Send  for  our  booiclet  Stanolind  Paving  Asphalt.     It  tells  all  about 
the  proper  construction  of  asphalt  roadways. 

STANDARD   OIL   COMPANY 

(INDIANA) 
910  SO.  MICHIGAN  AVE.  CHICAGO,  ILLINOIS 
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There  is  a  bushing  at  every  wear- 
ing point  in  the  Pierce-Arrow 
mechanism.  These  bushings  take 
the  wear.  They  are  "parts  in- 
surance" saving  costly  replace- 
ments. Check  this  vital  item  in 
the   truck    you   think  of  buying 


Pierce-Arrow 

TRUCKS 


The  Pierce-Arrow  Motor  Car  Company 
BufFalo,  New  York 

2-ton  $3200     3;-ton  $4350      5-ton  $4850     fully  equipped 


Products 


Standard  Asphalt  Binder  A  for  surface  treatment. 

Standard  Asphalt  Binder  B  for  penetration  work. 

Standard  Asphalt  Binder  C  for  the  mixing  method. 

Standard  Refined  Mexican  Asphalt  for  sheet  as- 
phalt paving. 

Standard  Asphalt  Joint  Fillers  for  brick  or  block  pave- 
ments 

Standard  Pavin|(  Flux,  Standard  Bridge  Asphalt  and 
Preservin|(  Oils. 

STANDARD  OIL  CO.  OF  NEWYORK 

26  Broadway 


.Specifications  and  all 
other  particulars  fur- 
nished on  request. 
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HEADLEY  GOOD  ROADS  CO. 

Maintenance  Our  Specialty 


Franklin   Trust   Bnlldlng 


Philadelphia,   Pa. 


Trackleas             W 
Odorless                1 

The  Dustoline 

JUoLyLDs ' — 

Trade    Mark      ^,^^^^^.     g^^^j  gg 

for  Roads  Co.             SUMMIT,  N.  J. 
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Branch  Offices: 

Birmingham,  Ala. 
Boston,  Mass. 
Buffalo,  N.  Y. 
Chicago,  III. 
Denver,  Colo. 
Duluth,  Minn. 
Huntington,  W.  Va. 
Kansas  City,  Mo. 
New  York,  N.  Y. 
Pittsburgh,  Pa. 
Portland,  Ore. 
St.  Louis,  Mo. 
San  Francisco,  Calm 
Sctanton,  Pa. 
Seattle,  Wash. 
Spokane,  Wash. 
Springfield,  111. 

Dti  Pont  Products  Exhibit 
Atlantic  City,  N.  J. 


A  Guncotton-Nitroglycerin 

Dynamite  Without  a  Headache 

NITROGLYCERIN  DYNAMITE  has  always  been  the  standard  high 
explosive.  Until  recently  it  has  always  had  two  defects,  relatively 
unimportant  in  comparison  with  its  basic  advantages  over  other  types  of 
dynamite,  but  nevertheless  marked  disadvantages.  First,  it  froze  at  a 
relatively  high  temperature,  and  second,  it  caused  headaches. 

Within  the  past  year,  the  first  of  these  disadvantages  was  removed 
through  the  production  of  a  du  Pont  Straight  Dynamite  which  functions 
with  normal  efficiency  at  10°  below  zero. 

Both  disadvantages  have  now  been  removed  in  Dumorite — a  guncotton- 
nitroglycerin  dynamite,  which  is  not  only  absolutely  non-freezing  but  is  the 
first  dynamite  with  nitroglycerin  content  which  will  not  cause  headaches. 

Under  ordinary  conditions,  Dumorite  does  approximately  the  same  work 
as  40%  dynamite  stick  for  stick.  And  you  can  buy  135  to  140  sticks  of 
Dumorite  at  the  same  price  as  100  sticks  of  "40%." 

Dumorite  is  saving  money  today  for  operators  in  most  kinds  of  blasting 
work.  If  it  is  adapted  to  your  work,  your  dynamite  dollar  will  be  worth  $1 .35. 

Write  our  nearest  branch  office  outlining  your  requirements  and  put  the 
problem  of  reducing  your  blasting  costs  up  to  our  Service  Department. 

E.   I.  du  Pont  de  Nemours  &  Co.,   Inc. 

Explosives  Department 

Wilmington^     Delaware 


NON-HEADACHE 


'^€)POR^^ 


NON-FREEZING 


DUMORITE 
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:r  RjjJ,  S:.  Ckarli-.',  Mu. 
'  Tanio-X,"  J920 


Typical  Spring 
ndition  of 


Carthage-Antwerp  Road,  N.  Y. 
Another  Tarvia  Highway 


Glastonbury- J  J  anj'nrd  Road, 
Glastonbury,  Conn.  "Tarvia-.X,"  1915 


Tarvia  transforms  old 
into  all-year  mudless. 

President  Harding  recently  declared  that  the 
problem  of  distribution  "is  one  of  the  greatest  eco- 
nomic problems,  if  not  the  greatest  problem,  of 
modern  civilisation." 

When  we  realize  that  it  costs  from  four  to  ten 
times  as  much  to  haul  a  ton  of  goods  over  bad 
roads  as  it  does  over  good  roads,  we  see  at  once 
how  vital  this  road  problem  is  to  all  of  us. 

The  question  no  longer  should  be,  "Shall  we 
have  good  roads?"  It  should  be,  instead,  "How 
quickly  and  how  cheaply  can  we  get  good  roads?" 

The  Road  Commissioners  of  hundreds  of  towns 
and  rural  districts  throughout  the  country  have 
found  from  experience  that  Tarvia  pavements  are 
the  most  economical  good  roads  it  is  possible  to 
build. 


State  Road  at  Kittery,  Me. 
"Tarvia-X,"  1912 


fashioned  mud  roads 
dustless  highways — 

In  first  cost  a  Tarvia  road  is  only  slightly  more 
than  plain  vvaterbound  macadam.  The  upkeep  of 
Tarvia  pavement  is,  all  things  considered,  so  much 
less  than  that  of  any  other  type  of  lasting  road 
that  the  saving — over  a  short  period  of  years^ — 
will  offset  the  original  cost  of  construction. 

Properly  looked  after,  there  is  no  limit  to  the 
life  of  a  Tarvia  road.  With  regular,  but  inexpen- 
sive maintenance,  it  is  actually  improved  by  time 
and  traffic.  Its  easy-traction  surface  is  smooth, 
firm,  dustless  and  mudless  all  the  year  round — 
year  after  year. 

Tarvia  also  offers  an  economical  means  of  re- 
surfacing old  worn-out  macadam,  and  of  repairing 
and  maintaining  improved  streets  and  highways 
of  every  kind.  There  is  a  grade  of  Tarvia  for 
each   of   these    purposes. 


For  Road  Construction 
Rppair  and  Maintenance 


Special  Service  Departmeitt 

This  company  lias  a  corp  of  trained  engi- 
neers and  chemists  who  have  given  years 
of  study  to  modern  road  problems.  The 
advice  of  these  men  may  be  had  for  the 
asking  by  anyone  interested.  If  you  will 
write  to  the  nearest  office  regarding  road 
problems  and  conditions  in  your  vicinity, 
the  matter  will  be  civen  prompt  attention. 


OmSm 
THE  lARJUTT  COMPANY. 


BtMton 

MJw«wkv« 
HKkmond 


Company 


S«  Uuii 

Mtnn«»puli> 

fiMiicor 

Lai  robe 

Denver 

St   John.N  B 


QrveUnd 

Waahinclon 
B«thlehem 


SvT»caec 

IdhnMoMn 

EJ^beth 


Piniburch 

l.ebenon 
BuK.lo 


McConnclI  Prew,  Inc..  New  York  City,  N.  Y.    "Printed  in  theU.  S,  A." 


University  of  Toronfo 
L'brary 


Acme  Library  Card  Pocket 

Under  Pat.  "Ref.  tnda  FU»" 

Made  by  LIBRARY  BUREAU 


